
The PARTNER-US IDE Trial Edwards Lifesciences 
with Continued Access and Post-Approval Study 

Version 5.0 November 2011 CONFIDENTIAL Page 1 
 

Edwards Lifesciences 
Transcatheter Heart Valves 

 
 
 
 

 
 

 
THE PARTNER TRIAL with Continued Access and with Post-Approval Study 

(PART 1):  Placement of AoRTic TraNscathetER Valves Trial 

VERSION 5.0  
(with revisions to address long term objectives of post market approval) 

Edwards SAPIEN™ Transcatheter Heart Valve 

 
 

Pivotal Trial #2006-06-US
 

Edwards Lifesciences, LLC 
One Edwards Way 
Irvine, CA 92614 

 
 
 
 
 
 
 

This document may not be reproduced without written permission from  
Edwards Lifesciences, LLC.  

001



The PARTNER-US IDE Trial Edwards Lifesciences 
with Continued Access and Post-Approval Study 

Version 5.0 November 2011 CONFIDENTIAL Page 2 
 

 
This protocol was developed in collaboration with the following individuals who have 

either participated in the REVIVAL Trial (Cribier-Edwards Valve IDE Feasibility Study), 
plan to participate in the PARTNER Pivotal Trial or have relevant expertise in the field. 

The protocol was developed through careful planning and review of the historical 
literature, feasibility data and insights from clinical practice. 

 

Cardiovascular
Surgeons

Craig Smith, MD Columbia Presbyterian Medical 
Center, NY 

Lars Svensson, MD Cleveland Clinic Foundation 

Michael Mack, MD Medical City Dallas 

Todd Dewey, MD Medical City Dallas 

Gerhard Wimmer-Greinacker, MD, 
PhD 

University Goether, Frankfurt, 
Germany 

Paul Simon, MD University of Vienna, Austria 

Francesco Maisano, MD St. Raffael Hospital, Milan 

Ottavio Alfieri, MD St. Raffael Hospital, Milan 

Interventional
Cardiologists

Martin B. Leon, MD Columbia Presbyterian Medical 
Center, NY 

Jeffrey Moses, MD Columbia Presbyterian Medical 
Center, NY 

Murat Tuczu, MD Cleveland Clinic Foundation 

John Webb, MD St. Paul Hospital, Vancouver 

Prof. Zairer, MD University Goether, Frankfurt, 
Germany 

Dietmar Glogar, MD University of Vienna, Austria 

Antonio Colombo, MD St. Raffael Hospital, Milan 

Mitch Krucoff, MD Duke University Medical Center 

Cardiologists Robert Bonow, MD Northwestern University Medical 
Center 

Biostatisticians William Anderson, PhD Consultant – Lead Biostatistician 

Cody Hamilton, PhD Edwards Biostatistician 

Stuart Pocock, PhD Consultant - Biostatistician 

 

002



The PARTNER-US IDE Trial Edwards Lifesciences 
with Continued Access and Post-Approval Study 

Version 5.0 November 2011 CONFIDENTIAL Page 3 
 

TABLE OF CONTENTS 

1� BACKGROUND AND INTRODUCTION ............................................................. 15�
1.1�  AORTIC VALVE STENOSIS AS A CLINICAL PROBLEM AND ITS TRADITIONAL 
MANAGEMENT ................................................................................................................ 15�
1.2� BACKGROUND- PERCUTANEOUS HEART VALVE IMPLANTATION ............................... 20�

1.2.1� Historical Overview ........................................................................................ 20�
1.2.2� Clinical Experience ........................................................................................ 21�

1.3�  DEFINING THE PATIENT POPULATION .................................................................... 25�
1.3.1� Defining the “High Risk Surgical Patient” ...................................................... 25�
1.3.2� Defining the “Non-operable (non-surgical) Patient” ....................................... 26�

1.4�  CONCLUSION ....................................................................................................... 26�

2� GENERAL OVERVIEW OF THE STUDY VALVE TECHNOLOGY .................... 28�
2.1�  EDWARDS SAPIEN™ TRANSCATHETER HEART VALVE ......................................... 28�
2.2�  CRIMPER ............................................................................................................. 29�
2.3�   RETROFLEX™ DELIVERY SYSTEM ....................................................................... 31�
2.4�  ASCENDRA™ DELIVERY SYSTEM .......................................................................... 35�

3� BENEFITS AND RISKS ...................................................................................... 39�
3.1�  BENEFITS ............................................................................................................. 39�
3.2�  RISKS .................................................................................................................. 39�

4� STUDY OBJECTIVES AND ENDPOINTS .......................................................... 42�
4.1�  PRIMARY OBJECTIVES .......................................................................................... 42�
4.2�  SECONDARY OBJECTIVES ..................................................................................... 42�
4.3�  ADDITIONAL SAFETY ENDPOINT COLLECTION ........................................................ 43�
4.4�  ADDITIONAL EFFICACY ENDPOINTS ....................................................................... 44�

5� STUDY DESIGN ................................................................................................. 45�
5.1�  SAMPLE SIZE COMPUTATION ................................................................................ 45�

5.1.1�  Enrollment Close .......................................................................................... 49�
5.2�  SUBJECT SELECTION CRITERIA ............................................................................. 49�

5.2.1� Inclusion Criteria ............................................................................................ 50�
5.2.2� Exclusion Criteria .......................................................................................... 52�

5.3�  SUBJECT SCREENING ........................................................................................... 53�
5.4�  INFORMED CONSENT ............................................................................................ 54�
5.5�  ENROLLMENT ....................................................................................................... 54�
5.6�  SUBJECT WITHDRAWAL ........................................................................................ 55�
5.7�  PRIOR TO STUDY PROCEDURES ............................................................................ 55�

5.7.1� Baseline Assessments .................................................................................. 55�
5.8�  PROCEDURE ASSESSMENTS ................................................................................. 57�
5.9�  DEVICE PREPARATION .......................................................................................... 57�

003



The PARTNER-US IDE Trial Edwards Lifesciences 
with Continued Access and Post-Approval Study 

Version 5.0 November 2011 CONFIDENTIAL Page 4 
 

5.10� PROCEDURE NOTES .............................................................................................. 57�
5.10.1 � Arteriotomy for Retrograde Approach ...................................................... 57�
5.10.2�  Recommended Antiplatelet/Anticoagulation Regimen ........................... 57�
5.10.3�  Antibiotic Prophylaxis ............................................................................. 58�
5.10.4�  Contrast Media ....................................................................................... 58�
5.10.5�  Radiation Skin Dose Calculation ............................................................ 58�

5.11� POST-PROCEDURE ............................................................................................... 58�
5.11.1�  Follow-up Procedures ............................................................................. 63�

5.12� ASSURANCE OF THOROUGH FOLLOW-UP ................................................................ 64�
5.13� MODIFICATIONS TO CAPTURE ADDITIONAL LONG TERM DATA ................................... 64�

6� ENDPOINT DATA COLLECTION ...................................................................... 66�
6.1�  ECG .................................................................................................................... 66�
6.2�  ECHOCARDIOGRAPHY ........................................................................................... 66�
6.3�  ECONOMICS AND QUALITY OF LIFE SUB-STUDY ..................................................... 66�
6.4�  SIX MINUTE WALK TEST ....................................................................................... 66�
6.5�  CLINICAL FOLLOW-UP ........................................................................................... 66�
6.6�  HISTOPATHOLOGY STUDIES .................................................................................. 67�

7� STATISTICAL ANALYSIS .................................................................................. 68�
7.1�  VISIT WINDOWS ................................................................................................... 68�
7.2�  PATIENT GROUPS ................................................................................................. 68�

7.2.1� Trial cohorts ................................................................................................... 68�
7.2.2� Trial arms ...................................................................................................... 68�
7.2.3� Analysis populations ...................................................................................... 69�
7.2.4� Analysis close date ........................................................................................ 71�

7.3�  PRIMARY AND SECONDARY ENDPOINTS ................................................................ 71�
7.3.1� Primary Endpoint (effectiveness and safety) ................................................. 71�
7.3.1a� Interaction analysis .................................................................................. 73�
7.3.1b� Additional analysis of primary endpoints ................................................. 73�
7.3.2� Secondary endpoints ..................................................................................... 73�
7.3.3   Multiplicity Adjustment .................................................................................. 79�

7.4�  ADDITIONAL SAFETY VARIABLES ........................................................................... 82�
7.5�  ADDITIONAL EFFICACY VARIABLES ........................................................................ 83�

7.5.1� Device Success and Procedure Success ...................................................... 83�
7.5.2� Cost and Cost Effectiveness ......................................................................... 83�

7.6�  ADDITIONAL ANALYSES ......................................................................................... 83�
7.6.1� Hemodynamic valve function ........................................................................ 83�
7.6.2� Blood Laboratory data ................................................................................... 83�
7.6.3� Covariate analyses ........................................................................................ 83�
7.6.4� Center comparisons ...................................................................................... 84�

7.7�  GENERAL STATISTICAL METHODOLOGY................................................................. 85�
7.7.1� Non-inferiority Testing ................................................................................... 85�
7.7.2� Time-Dependent Variables ............................................................................ 86�
7.7.3� Continuous and Ordinal Variables ................................................................. 87�

004



The PARTNER-US IDE Trial Edwards Lifesciences 
with Continued Access and Post-Approval Study 

Version 5.0 November 2011 CONFIDENTIAL Page 5 
 

7.7.4� Categorical Variables .................................................................................... 88�
7.7.5� Count Variables ............................................................................................. 88�
7.7.6� Exact tests ..................................................................................................... 88�
7.7.7� Missing Data Imputation ................................................................................ 88�
7.7.8� Periodic Analyses .......................................................................................... 89�
7.7.9� Data from Other Trials ................................................................................... 89�
7.7.10� Miscellaneous .......................................................................................... 90�

8�  DEFINITIONS ..................................................................................................... 91�
9� STUDY COMMITTEES ..................................................................................... 105�
9.1�  EXECUTIVE OPERATIONS COMMITTEE ................................................................. 105�
9.2�  STEERING COMMITTEE ....................................................................................... 106�
9.3�  DATA SAFETY MONITORING BOARD (DSMB) ....................................................... 106�

9.3.1� Independence of the DSMB ........................................................................ 106�
9.3.2� Study Termination ....................................................................................... 107�

9.4�  CLINICAL EVENTS COMMITTEE ............................................................................ 107�
9.5�  PUBLICATION COMMITTEE ................................................................................... 108�
9.6�  DATABASE MANAGEMENT ................................................................................... 108�
9.7�  INVESTIGATOR ACCESS TO THE DATA AND PUBLICATION POLICIES ....................... 108�

10� ADMINISTRATIVE RESPONSIBILITIES ......................................................... 110�
10.1� INSTITUTIONAL REVIEW BOARD (IRB)/ETHICS COMMITTEE (EC) INFORMATION ..... 110�

10.1.1� Reviewing Institutions ............................................................................ 110�
10.1.2� Institutional Review Board/EC Approval Letter ...................................... 110�
10.1.3� Patient Informed Consent ...................................................................... 110�

10.2� CONFIDENTIALITY ................................................................................................ 110�
10.3� DATA MONITORING AND QUALITY CONTROL ......................................................... 111�

10.3.1� Electronic Case Report Forms (e-CRFs) ............................................... 111�
10.3.2� Data Reporting ...................................................................................... 111�
10.3.3� Data Review .......................................................................................... 111�

10.4� RECORDS AND REPORTS ..................................................................................... 111�
10.4.1� Records ................................................................................................. 111�
10.4.2� Reports .................................................................................................. 112�

10.5� INVESTIGATOR’S FINAL REPORT .......................................................................... 112�
10.6� LABELING:  INSTRUCTIONS FOR USE .................................................................... 113�
10.7� DEVIATIONS FROM PROTOCOL ............................................................................. 113�

11� ADVERSE EVENT REPORTING ...................................................................... 114�
12�  STUDY DATA REPORTING AND PROCESSING .......................................... 118�
12.1� STUDY DATA COLLECTION ................................................................................... 118�
12.2� SITE DATA MONITORING AND QUALITY CONTROL ................................................. 118�
12.3� COMMUNICATION ................................................................................................ 119�
12.4� RECRUITMENT TRACKING .................................................................................... 119�
12.5� DATA PROCESSING AND QUALITY CONTROL ......................................................... 119�

005



The PARTNER-US IDE Trial Edwards Lifesciences 
with Continued Access and Post-Approval Study 

Version 5.0 November 2011 CONFIDENTIAL Page 6 
 

12.5.1� Data Entry .............................................................................................. 119�
12.5.2� Data Cleaning ........................................................................................ 119�
12.5.3� Data Editing ........................................................................................... 120�
12.5.4� Data Update .......................................................................................... 120�
12.5.5� Data Back-up ......................................................................................... 120�
12.5.6� Report Generation and Summary Statistics .......................................... 120�

12.6� CONFIDENTIALITY AND PROTECTION OF STUDY FILES ........................................... 120�

13�  TRAINING ........................................................................................................ 121�
14�  ETHICAL AND REGULATORY CONSIDERATIONS ..................................... 122�
14.1� ROLE OF EDWARDS LIFESCIENCES ...................................................................... 122�
14.2� GENERAL DUTIES ................................................................................................ 122�
14.3� SELECTION OF INVESTIGATORS ........................................................................... 122�
14.4� MONITORING ....................................................................................................... 122�
14.5� SUPPLEMENTAL APPLICATIONS ............................................................................ 122�
14.6� MAINTAINING RECORDS....................................................................................... 123�
14.7� SUBMITTING REPORTS ........................................................................................ 123�
14.8� SITE RECORD RETENTION POLICY ....................................................................... 123�
14.9� INFORMED CONSENT AND IRB/ETHICS COMMITTEES ............................................ 123�

15�  REFERENCES ................................................................................................. 124�
APPENDIX A: TRAINING PROGRAM ......................................................................... A�

APPENDIX B: STUDY FLOW CHART ......................................................................... B�

APPENDIX C: SAMPLE INFORMED CONSENT FORMS .......................................... C�

APPENDIX D: ECHOCARDIOGRAPHIC AND ECG CORE LAB PROCEDURE 
MANUAL .............................................................................................................. D�

APPENDIX E: ECONOMICS AND QUALITY OF LIFE CORE LAB PROTOCOL ....... E�
APPENDIX F: HISTOPATHOLOGY CORE LAB PROTOCOL .................................... F�
APPENDIX G: NIH STROKE SCALE ASSESSMENT ................................................. G�

APPENDIX H: MINI MENTAL STATE EXAM .............................................................. H�

APPENDIX I: SIX MINUTE WALK TEST GUIDELINES ................................................ I�
APPENDIX J:  DATA SAFETY MONITORING BOARD (DSMB) CHARTER .............. J�
APPENDIX K:  CLINICAL EVENTS COMMITTEE (CEC) CHARTER ......................... K�

APPENDIX L: THE PARTNER TRIAL FRAILTY INDEX .............................................. L�
APPENDIX M: CASE REPORT FORMS ...................................................................... M�

 

006



The PARTNER-US IDE Trial Edwards Lifesciences 
with Continued Access and Post-Approval Study 

Version 5.0 November 2011 CONFIDENTIAL Page 7 
 

INVESTIGATIONAL PLAN SUMMARY 
 
Title: THE PARTNER TRIAL “Placement of AoRTic TraNscathetER” 

Valves Trial with CONTINUED ACCESS” and with Post-Approval 
Study [Edwards Study # 2006-06-US] 

 
Design: A prospective, randomized-controlled, multi-center pivotal trial 

evaluating the safety and effectiveness of the Edwards SAPIEN™ 
Transcatheter Heart Valve (formerly known as the Cribier-
Edwards Aortic Bioprosthesis), via transfemoral and transapical 
delivery, in a stratified population of high risk patients.  An initial 
stratification based on operability for aortic valve replacement 
surgery (AVR) is followed by determination of vascular access for 
transfemoral delivery.  Those not meeting criteria for transfemoral 
delivery are candidates for transapical delivery.   

 Patients who are considered high surgical risk and eligible for 
transfemoral access will be stratified into Cohort A and 
randomized to treatment (transfemoral AVR) or control (surgical 
AVR).  Patients who are considered high risk and not eligible for 
transfemoral access will be stratified into Cohort A and 
randomized to treatment (transapical AVR) or control (surgical 
AVR).  Those patients who are considered non-surgical 
candidates are stratified into Cohort B and randomized to 
treatment (transfemoral AVR) or control (medical management).  
Those who are non-operable and assigned to Cohort B but are not 
eligible for transfemoral delivery will not be eligible for 
randomization into the trial. 

 
 

Cohort A – High risk surgery patients undergoing transcatheter 
aortic valve implantation (treatment) via 
transfemoral or transapical delivery vs. surgical 
aortic valve replacement (control). 
 

Cohort B – Non-surgical patients undergoing transcatheter 
aortic valve implantation (treatment) via 
transfemoral delivery vs. best medical management 
(control). 
 

Purpose: The purpose of this trial is to determine the safety and 
effectiveness of the device and delivery systems (transfemoral 
and transapical) in high risk, symptomatic patients with severe 
aortic stenosis. 

 
 The purpose the Post-Approval Study (Part 1) is to:  
 

� Additional analysis of echo data for the purpose of studying 
durability. No new data collection is needed for this purpose. 
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� Collection and analysis of QOL data at the 2 through 5 year 
visits, for the purpose of studying long term performance of 
patients.  

For purposes of this protocol, this study is referred as Post-
Approval Study (Part 1). 

 
Enrollment: At least 1040 subjects, including a minimum of 690 patients in the 

high risk surgery cohort (Cohort A) and 350 patients in the best 
medical therapy cohort (Cohort B).  Patients enrolled and 
randomized into Cohort B after the 350 sample size has been 
reached will be analyzed under a separate continued access 
provision.  Up to 20 patients per month will be enrolled in the 
continued access sub-cohort for the prospective period until 
completion of enrollment in Cohort A is achieved.  The maximum 
sample size is 120 patients enrolled over a 6 month period.  A 
needs assessment for expansion of continued access will be 
conducted as enrollment close for Cohort A becomes imminent.  

When the minimum sample size has been reached for Cohort A, a 
non-randomized continued access enrollment will commence at 
the currently enrolling trial centers.  This enrollment will involve 
both Cohorts A and B; the current randomized continued access 
enrollment for cohort B will stop at each site when appropriate 
approval has been obtained for the non-randomized continued 
access. A total of 468 patients will be enrolled under the non-
randomized continued access provisions at 23 sites at a rate of 39 
patients per month.  Patients may be enrolled into either Cohort A 
or Cohort B.  Patients enrolled into the non-randomized portion of 
continued access will be analyzed separately. 

(Based on enrollment trends as of June 15, 2009 it appears highly 
likely that both the transapical and transfemoral approaches for 
cohort A will have reached their minima before the maximum 
sample size of 750 is reached.  If that does not prove to be the 
case one approach may need a short halt in enrollment before the 
continued access enrollment can commence.) 

This trial is powered separately for the two cohorts, and Edwards 
intends to submit separately for each cohort, even if the other 
cohort has not reached its minimum.  Patients enrolled under 
continued access provisions will be analyzed separately. 

For Cohort A there will be a minimum of 690 randomized patients 
and a maximum of 750 randomized patients.  Within these limits 
there will be a minimum of 450 transfemoral eligible patients and 
200 transapical eligible patients.  These minimum approach 
enrollments deliberately add up to less than 690 to avoid artificial 
enrollment caps in one of the approaches.  If both minima are met 
before the 690 total is reached, enrollment will continue in both 
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approaches to 690.  If one minimum is not met when the 690 total 
has been reached, enrollment will continue in both approaches 
until both minima are met, or until 750 patients have been 
randomized. 

Additionally, there will be 2 roll-in patients with successful delivery 
of the Edwards SAPIEN Transcatheter Heart Valve to its intended 
location per delivery approach per new clinical site [excluding sites 
participating in REVIVAL II trial (Edwards study 2005-01-PHV)].  
These patients will not be included in the total enrollment 
population nor the data analysis. 

Follow up:  Subjects will undergo clinical follow-up at discharge 
or 7 days, whichever comes first, 30 days, 6 months, 12 months, 
and annually thereafter to a minimum of 5 years post procedure. 

The analysis close for PMA submission is based on completion of 
one year follow-up for Cohort A.  For Cohort B the analysis close 
date is the later of the date of one-year follow-up on all patients 
and 150 deaths. 

Clinical Sites:  Up to 30 sites total including up to 5 sites outside 
of the United States.

Study Duration: Initial enrollment: April, 2007 
 

 Last enrollment for Pivotal Trial: 
 Approximately September 2009, depending on exact enrollment 

rate and initial enrollment date.  

Primary
Endpoints: Cohort A: Test (transfemoral or transapical) vs. surgical control 
 Endpoint: Freedom from death at one year (non-inferiority) 
 
 Cohort B: Test (transfemoral) vs. non-surgical best medical therapy 

control 
 Endpoints: (1) Freedom from death, over the duration of the trial 

(superiority) and (2) Composite of death and recurrent 
hospitalization, using the method of Finkelstein and Schoenfeld. 
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Secondary  
Endpoints: Cohort A:

1) Separate analyses of the primary endpoint in the 
transapical and transfemoral groups. 

2) Functional improvement from baseline as measured 
per a) NYHA functional classification, b) effective 
orifice area (EOA) and c) six minute walk test at 30 
days, six months and one year 

3) Freedom from MACCE at 30 days, 6 and 12 months. 
MACCE definition includes death, MI, stroke and renal 
failure.  

4) Evidence of prosthetic valve dysfunction (hemolysis, 
infection, thrombosis, severe paravalvular leak, or 
migration) at 30 days, 6 and 12 months 

5) Length of index hospital stay 
6) Total hospital days from the index procedure to one 

year post procedure. 
7) Improved Quality of Life (QOL) from baseline at 30 

days, 6 and 12 months 
8) Improved valve function demonstrated by a responder 

analysis showing the percentage of patients in each 
treatment group who have a greater than 50% 
improvement in AVA at 30 days, 6 and 12 months. 

Cohort B: 

1) Functional improvement from baseline as measured 
per a) NYHA functional classification, b) effective 
orifice area (EOA) and c) six minute walk test at 30 
days, six months and one year 

2) Freedom from MACCE at 30 days, 6 and 12 months. 
MACCE definition includes death, MI, stroke and renal 
failure.  

3) Total hospital days from the index procedure or 
randomization into control arm for medical 
management patients to one year post procedure or 
randomization. 

4) Improved Quality of Life (QOL) from baseline at 30 
days, 6 and 12 months 

5) In addition, long-term follow-up for improved QOL will 
be assessed from baseline at 4 years and 5 years for 
purposes of the FDA request to obtain post-market 
follow-up assessments. 

6) Improved valve function demonstrated by a responder 
analysis showing the percentage of patients in each 
treatment group who have a greater than 50% 
improvement in AVA at 30 days, six months and one 
year. 
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Additional Safety Variables: 
For both Cohort A and B, an expanded safety 
composite event including death, MI, stroke, aortic 
valve reintervention, recurrent hospitalization and 
procedure access complications (unplanned 
surgical vascular conduit, unplanned vascular 
grafting intervention, repair of thoracic or abdominal 
aorta, or access wound infection). 

Additional safety variables will be collected and 
analyzed at 30 days, 6 and 12 months (section 
4.3). 

Additional Efficacy Variables: 
Additional efficacy variables will be collected and 
analyzed at index hospitalization, 30 days, 6 and 12 
months (section 4.4). 

Primary Analytical Subset: 
Intent-to-treat for the effectiveness endpoints. 
As-treated for the adverse events analyses. 

Additions June 2011: 
Modifications have been made in June 2011 in 
order to capture additional long term information to 
address post approval study objectives requested 
by the FDA. For the convenience of readers these 
modifications have been summarized in section 
5.13. These modifications do not impact the 
primary endpoints of the trial, or the secondary 
endpoints chosen for labeling purposes. This 
protocol revision is referred to as the Post Market 
Approval Phase I study in the Edwards SAPIEN 
Post Approval Plan and is cross referenced in the 
Post Approval Protocol (Phase II). 
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1 Background and Introduction 
 

1.1  Aortic Valve Stenosis as a Clinical Problem and its Traditional 
Management 

Prolonged average life expectancy has resulted in an aging population and 
consequently, in an increase in the number of patients requiring aortic valve 
replacement (AVR).  Severe aortic stenosis (AS) represents the most common 
indication for AVR [1]. 

The main causes of acquired AS include rheumatic heart disease and senile 
degenerative calcification.  Rheumatic AS, uncommon in the United States, involves 
both progressive fibrosis of the valve leaflets with varying degrees of commissural 
fusion, often with retraction of the leaflet edges and, in certain cases, calcification.  
Senile degenerative calcific AS, common in the United States and typically occurring 
in individuals > 65 years of age, involves progressive calcification of the leaflet 
bodies which limits normal cusp opening during systole.  Cellular aging and 
degeneration have been implicated in this form of the disease and diabetes mellitus 
and hypercholesterolemia are risk factors. 

The pathophysiology of AS includes an increase in afterload, progressive 
hypertrophy of the left ventricle, and a decrease in systemic and coronary blood flow 
as consequences of valve obstruction.  Typically, patients with AS are free from 
cardiovascular symptoms (e.g. angina, syncope and/or heart failure) until late in the 
course of the disease. However, once symptoms manifest, the prognosis is very 
poor, especially when associated with congestive heart failure.  Death in general, 
including sudden death, occurs primarily in symptomatic patients.  Survival analyses 
have demonstrated that the interval from the onset of symptoms to the time of death 
is approximately two years in patients with heart failure, three years in those with 
syncope, and five years in those with angina [2].  Gardin [3] reported that among 
symptomatic patients with moderate-to-severe AS treated medically, mortality rates 
after the onset of symptoms were approximately 25% at 1 year and 50% at 2 years.  
More than 50% of deaths were sudden. 

Grading the degree of AS is based on a variety of hemodynamic and natural history 
data.  According to the ACC/AHA guideline authors, AS is best described as a 
continuum. In patients with moderate-to-severe AS, valve area may decline up to 
0.3cm2 per year and the systolic pressure gradient across the valve can increase by 
as much as 15-19 mmHg per year, with a higher rate of progression observed in 
elderly patients with coronary artery disease (CAD) and chronic renal insufficiency 
[4].  Relief of aortic valve obstruction typically results in an improvement of 
symptoms, hemodynamic parameters, and global left ventricle systolic function, as 
well as reversal of left ventricular hypertrophy [5]. 

Table 1 describes criteria for determining the severity of AS, as defined by the 2006 
published practice guidelines of the joint ACC/AHA Task Force [4, 6]: 
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Table 1. Criteria for Determining Severity of Aortic Stenosis 
 

Indicator Mild Moderate Severe 
Jet velocity (m/s) Less than 3.0 3.0-4.0 Greater than 4.0 

Mean Gradient 
(mmHg)

Less than 25 25-40 Greater than 40 

Valve area (cm2) Greater than 1.5 1.0-1.5 Less than 1.0 
Valve area index 

(cm2/m2)
  Less than 0.6 

 
Aortic valve replacement (AVR) is the only effective treatment in adults with severe 
symptomatic aortic stenosis (ACC) and is considered to be a Class I indication. Apart 
from symptomatic relief, the operation improves long-term survival [7].  In multiple 
reported series, one, three and five year survival were extraordinarily disparate in 
operated versus  non-operated patients [8].  In 2006, Charlson, Legedza et al., [1] 
reported that in a series of 124 patients studied, 49 (39.5%) had aortic valve 
replacement (AVR) surgery. In a logistic regression analysis adjusting for gender, 
comorbidity and baseline functional status, those patients aged < 80 years were 
significantly more likely to have surgery than older patients. Surgery was associated 
with a large reduction in mortality in all age groups. At one-year follow up, 87.8% of 
all patients (87.5% of those who were at least 80 years old) who had undergone 
surgery were alive, while only 54.7% (49.1% of those who were at least 80 years old) 
who did not receive surgery were alive. 

Alternative Therapies: 

Alternatives for patients deemed to be at excessive risk for surgery, or non-operable 
(non-surgical) include temporary relief using a percutaneous technique called balloon 
aortic valvuloplasty (BAV) or medical therapy (no obstruction-relieving intervention) 
for the inoperable patient. In patients with congenital, non-calcified AS, both BAV and 
surgery may be applied successfully.  However, for acquired degenerative AS, AVR 
surgery is the treatment of choice. 

The overall rate of operative mortality for AVR surgery ranges from 2 to 8% in most 
centers, with an STS National Database average of 4% [8-10]. However, the 
operative risk is much higher (4% to 29.6%) for patients with comorbid conditions 
such as emergency operations [11], elderly patients [11, 12], patients with advanced 
New York Heart Association (NYHA) functional classification of heart failure [11-13], 
and patients requiring concomitant coronary artery bypass surgery [12] and/or 
severely reduced preoperative left ventricular (LV) systolic function [11-17].  The 
latter represents the most powerful predictor of adverse surgical prognosis.  In a 
study by Korfer et al. [11] the mortality rate was doubled in patients with reduced LV 
function (12.8%) compared to those with normal LV function (6.1%).  The 
combination of severely reduced LV systolic function and prior myocardial infarction 
results in an especially unfavorable operative risk, with an associated mortality rate 
of 45% [16]. 
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Table 2 provides a review of the literature of operative mortality in selected high risk 
series.

Table 2. Review of Literature of Operative Mortality after AVR Surgery -  
High Risk Series 

Paper N= Operative mortality Comorbidities 
[18] (Ambler) 32,839 6.4% All comers 
[19] Bloomstein et 
al. 

180 16.7% 70 /80 yr. old pts. 
23.2%  BSA < 1.82m2 
8.1% BSA > 1.82m2 
8.9% CPB <100min 
10.2% CPB> 100-124min 
29.6% CPB >124min 

[20] Collart et al. 115 8.5% Mean age 82.3yrs 
[21] Collart et al. 200 7% Mean age 83 yrs, 

EuroSCORE 9.1 
[22] Collart et al. 215 8.8% Mean age 83 yrs; 

mean additive 
EuroSCORE was 
9.5%, mean logistic 
EuroSCORE was 
15.1% 

[23] Craver et al. 601 9.1% >80 yrs 
[24] Edwards et al. 49,073 4% STS Database 

7.64% Previous cardiac 
surgery 

17.07% Dialysis 
10.09% 3 vessel disease 
7.03% PVD 

[25] Rankin et al. 409,904 9.4% >70yrs 
11.3% Re-op 
8.4% Female 
5.5%, 6.4%, 8.1%, 
10.5% 

1, 2, 3, 4 
comorbidities 

5.4% Isolated aortic 
(overall) 

[26] Nowicki et al. 5793 6.8% Females 
8.9% Diabetes 
7.9% Hx CHF 
5.3%, 11.4% NYHA Class III/IV 
9.4% BSA < 1.7 
12.8%, 4.6% Serum Cr. >1.3, less 

than 1.3 
[27] Jamieson et al. 86,580 5.3% 

8.5% 
14.5% 

Age 70-79, Age 80-
89, Age 90-99 

[15] Sundt 133 11% Age > 80 yrs 
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Even in this complicated setting, AVR surgery still has a survival benefit compared to 
no intervention/medical therapy [28], [29]; however, post-operative recovery including 
complications and prolonged hospitalization may be high. 

Therapeutic options for patients with such high risk profiles are limited. BAV has 
been studied for the treatment of calcific aortic stenosis in patients with severe 
coronary artery disease, reduced left ventricular function or significant medical 
comorbidities.  When applied in this setting, BAV results in a temporary improvement 
of valvular function and relief of symptoms resulting from a small increase in aortic 
valve area (typically <1.0 cm2).  However, unlike AVR surgery, BAV does not provide 
a definitive durable treatment in these patients.  Even after successful BAV, the 
underlying pathology persists; valve leaflets remain thickened, calcified and 
deformed.  Additionally, in a large proportion of cases, BAV results simply in 
stretching of the valve leaflets rather than any long-term morphologic change in valve 
orifice area [30].  Restenosis is common, particularly in patients with unicuspid 
valves or with valves affected by severe dysplasia (>60% at 6 months, virtually 100% 
at 2 years). The procedure has high rates of related complications and mortality.  In 
one multicenter registry [28], the procedural mortality was 3% and 30-day mortality 
14%.  Rates of serious complications (free myocardial wall perforation, myocardial 
infarction, and severe aortic regurgitation) are also high (6-10%) [17-23]. 

O’Neill et al. [31] reported the predictors of long-term survival after percutaneous 
aortic valvuloplasty on a series of 198 patients with a median follow-up of 7 months 
(range 0-18.8 months).  Of these patients, 81 had repeat valvuloplasty or valve 
replacement and 117 patients died.  At one year, the survival rate was 64% and the 
event-free survival rate (absence of death, repeat valvuloplasty or valve 
replacement) was 43%.  One year cumulative survival for patients with a final valve 
area of <=0.5 cm2 was 44% compared with 63% for patients with a valve area of 
>0.5 cm2 (p=0.2).  In 2007, Shareghi et al. [32] described their experience in 104 
inoperable aortic stenosis patients who underwent valvuloplasty and were followed 
for a mean of 3 ± 2 years.  The 1-, 2- and 3-year mortality rates were 44%, 62%, and 
71%, respectively. Seventeen patients (21%) underwent repeat BAV procedures and 
had long-term mortality similar to those undergoing a single BAV procedure.  Hence, 
the incentives to develop minimally invasive aortic valve replacement that would 
mitigate or lessen the morbidities associated with traditional AVR have heightened in 
recent years. The advancements in transcatheter therapeutics, including stent 
devices and delivery catheters have led to the innovation of transcatheter AVR. 

There is now a substantial body of literature describing conceptual ideas for 
transcatheter based aortic valve replacement, delivered both transapically and 
transfemorally. These publications include conceptual development, in vivo validation 
and clinical feasibility studies [33-36, 46-47]. The earliest publications reference 
animal trials performed in Europe by H.R. Andersen in 1992 [33].  These animals 
were implanted with a porcine bioprosthesis attached to a wire-based stent frame 
and delivered on a large diameter balloon.  These acute experiments demonstrated 
effective hemodynamic function after successful deployment.  Since these early 
experiences in vivo, more recent reports have been published describing the 
implantation of prosthetic aortic valves of various designs by catheter-delivered 
techniques in animals and in man [34-37].  Early experience using an antegrade 
transcatheter demonstrated feasibility of transcatheter aortic valve implantation and 
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while demonstrating clear benefit in some patients, complications were prohibitive for 
broad applicability (Webb, Cribier). This led to the development of alternative delivery 
approaches (retrograde approach via transfemoral artery and, the transapical 
approach via minithoracotomy.  Both approaches have been demonstrated to be 
reasonably safe and effective in feasibility studies. 

The underlying assumptions of this study proposal is that transcatheter aortic valve 
replacement (Edwards SAPIEN™ THV delivered transfemorally or transapically) in  
patients with documented high operative risk (predicted operative mortality �15%) 
will result in mortality rates that are non-inferior to conventional aortic valve 
replacement and superior to medically managed patients in non-operable (non-
surgical) patients.  Given the increased risk of mortality and morbidity of AVR surgery 
for such patients, and the poor long-term effectiveness of BAV, there has been an 
interest in the development of less invasive aortic heart valve replacement for many 
decades.  While both approaches are considered to be less invasive than surgery, 
the retrograde transfemoral approach is presumed to be less invasive possibly due 
to lack of thoracotomy incision.  It is presumed therefore that the clinical approach 
would be to assess first for transfemoral access and for patients not eligible for 
transfemoral cannulation, the transapical approach would then be applied.  The 
proposed trial is designed accordingly.
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1.2 Background- Percutaneous Heart Valve Implantation 

1.2.1 Historical Overview  

Hufnagel et al. [38] in the 1950s, prior to the advent of extra-corporeal circulation, 
developed a technique for surgical implantation of a ball-valve aortic prosthesis in the 
descending aorta, just beyond the origin of the left subclavian artery.  The technique 
provided a reduction of regurgitant blood flow in cases of chronic aortic regurgitation and 
lead to an improvement of symptoms and LV systolic function at short and at long term 
follow-up intervals (13 to 23 years) [39]. 

It is only recently that percutaneous/transcatheter implantation of a prosthetic aortic 
valve has been proposed as an alternative in managing subjects with AS [40-42].  The 
principle challenge of treating AS with a transcatheter-delivered heart valve has been 
resection of the aortic valve stenosis.  It is the advent of tubular stent technology that 
has allowed the conceptual approach of balloon dilatation with simultaneous stented 
valve deployment across the native stenotic annulus.  The tubular stent must withstand 
the strong recoil of the dilated segment and fibrotic annulus to provide and maintain an 
effective valve orifice area sufficient to improve hemodynamic function. 

Given the increased risk of mortality and morbidity of AVR surgery for high risk subjects, 
and the poor long-term patency of BAV, there has been an interest in the development 
of a percutaneously delivered aortic heart valve for many decades.  Despite a 
preponderance of conceptual ideas, publications have primarily referenced animal trials 
performed in Europe by H.R. Anderson in 1992 [33].  These animals were implanted with 
a porcine bioprosthesis attached to a wire-based stent frame and delivered on a large 
diameter balloon.  These acute experiments demonstrated effective hemodynamic 
function after successful deployment.  Several other reports have been published 
describing the implantation of prosthetic aortic valves of various designs by catheter-
delivered techniques in animals [34-37] including valve harvested from bovine jugular 
vein and mounted in a stent [36].  

The first successful percutaneous aortic stent valve implantation in a human was 
performed by Cribier et al, using the antegrade approach, in April 2002.  The patient had 
critical aortic stenosis and was deemed inoperable for surgical valve replacement.  The 
valve performed well after percutaneous implantation but the patient died of 
complications from peripheral arterial disease [40].  Further experience with antegrade 
approach proved it to be a limited delivery system due to the technical complexities and 
risks.  Paniagua el al described the first retrograde transcatheter implantation of an 
aortic valve prosthesis[43].  Webb and colleagues refined the retrograde approach and 
in 2006, he reported the results from 18 patients who underwent the procedure as they 
were deemed to be excessive surgical risk due to their comorbidities.  Implantation was 
successful in 14 patients and aortic valve area increased from 0.6±0.2 to 1.6±0.4 cm2.  
Mortality at 30 days was 11% in this group with a mean age of 82 years.  Iliac arterial 
injury, which occurred in the first two patients, did not recur with improvement in 
screening and access site management [42].  In a follow-up publication in 2007 on 50 
patients, he reported an improvement in procedural success from 76% in the first 25 
patients to 96% in the second 25 (p=0.10) and a decrease in 30-day mortality from 16% 
to 8% (p=0.67).  Successful valve implantation was associated with an increase in 
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echocardiographic valve area from 0.6±0.2 to 1.7±0.4 cm2 [44].  As an alternative to the 
retrograde transfemoral approach, the transapical approach was developed to address 
the need for those patients with diseased peripheral vascular anatomy not conducive to 
the large profile transfemoral delivery system.  In 2007, Lichtenstein el al described the 
initial experience with the transapical approach in 7 patients who were deemed 
excessive surgical risk due to their comorbidities.  There were no intraprocedural deaths 
and 30-day mortality was 14%.  The valve area increased from 0.7±0.3 to 1.8±0.7 cm2 at 
30 days.  There were no valve related complications at follow-up.  Walter et al described 
their experience from 59 patients with high operative risk.  Good valve positioning was 
noted in 55 patients (93.2%) with 4 (6.8%) being converted to conventional sternotomy.  
Neither coronary artery obstruction nor migration of the prosthesis was observed, and all 
valves had good hemodynamic function.  The average logistic EuroSCORE predicted 
risk of mortality was 27±14% but the observed in-hospital mortality was 13.6% [45].  The 
initial experience shows this approach to be a viable alternative for patients not 
considered to be candidates for surgical valve replacement or transcatheter valve 
replacement via the transfemoral approach [46, 47].  

1.2.2 Clinical Experience 

Preclinical testing (bench and animal studies) has been conducted to support initiation of 
the clinical investigation outlined in this protocol.  The study device includes the Edwards 
SAPIEN™ Transcatheter Heart Valve (previously known as the Cribier-Edwards Aortic 
Bioprosthesis, renamed December 2006) and its delivery systems. 

Feasibility clinical studies have been conducted with both the transfemoral and 
transapical delivery system approaches.  As of May 2008, over 1000 patients worldwide 
have been implanted with the Edwards SAPIEN� THV (Transcatheter Heart Valve), 
formerly known as the Cribier-Edwards Aortic Bioprosthesis. Valve performance has 
been consistent in all feasibility studies regardless of method of delivery. There are now 
implants out over 3 years and long term follow-up will be ongoing. 

UADE Experience:

One UADE was reported to the FDA (G030069) during the Partner Trial. 

The event:  Perforation of Apex lateral to the apical purse string was reported by an 
Investigator on 27-May-08 to the Sponsor as not device related and not an UADE. 
Autopsy revealed perforation of the apex lateral to the apical purse string due to 
hypertension post extubation. 

In the Investigator’s opinion, the event was not related to the device and possibly related 
to the procedure. 

 Subsequent to the initial report, the Sponsor represented by both Clinical and 
Regulatory Affairs representatives, organized an in person meeting with the Study 
Investigator to evaluate the case.  

After detailed review and discussion, the Investigator was asked to determinate the 
event according to the UADE regulatory requirements and protocol definition. The 
Investigator reevaluated the event as: Clinically Unanticipated. 
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Based on this evaluation, the Sponsor decided to report the event as an Unanticipated 
Device Effect.  Since all the events associated with this UADE are already listed in the 
protocol, no changes were made to the Patient Informed Consent or the Risk section of 
the protocol as the result of this report. 

The chart on the following page outlines the entire worldwide experience with the 
Edwards SAPIEN� THV as of May 2008 with the early antegrade transfemoral delivery 
(abandoned), retrograde transfemoral delivery (RetroFlex) and transapical delivery 
(Ascendra): 

NOTE:  an update of the global clinical experience through February 2008 is provided in 
the G030069 IDE Annual Report and is available for participating site investigators and 
IRBs. 
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Chart 1:  Worldwide Experience with the Edwards SAPIEN� THV 
 (as of May 2008) 

 

 

 

 

 

 

 

2002- 2008 
>1000 Patients 

TRANSFEMORAL
N = 628 

TRANSAPICAL 
N = 457 

Antegrade 
N = 59 

Retrograde
N = 569 

RECAST 
N = 24 

iREVIVE
 N = 22 

US Compassionate 
Use  N = 2 

REVIVE II
N = 106 

REVIVAL II 
N = 55 

Canadian Special 
Access  N = 125 

PARTNER EU
N = 63 

PARTNER US
N >200 (TF > 100) 

SOURCE Registry
N = 120 

TRAVERCE 
N = 172 

REVIVAL II
N = 40 

Canadian Special 
Access  N = 90 

US Compassionate 
Use  N = 2 

PARTNER EU
N = 67 

SOURCE Registry
N = 86 

REVIVAL I  
N = 7 

REVIVE I 
N = 4 
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Table 3 provides a brief overview of the worldwide experience with the current (model 
9000TFX) and prior (models 9000 and 9000MIS) versions of the Edwards SAPIEN 
Transcatheter Heart Valve and the transfemoral and transapical delivery systems.  All data 
presented represent information available to Edwards as of May 2008.     Additional implants 
have occurred which are not reflected in the table below due to ongoing data collection/data 
entry.   

Table 3.  Worldwide Clinical Experience with Transfemoral and Transapical 
Delivery of the Edwards SAPIEN™ Transcatheter Heart Valve (as of May 2008) 

Trial
Number of 
Subjects
Enrolled

Mean 
Logistic
Euro 
SCORE 

Number of  
Subjects
Receiving
Valve

Surviving at 
1 month % 
(n at risk) 

Survival at 6 
month % (n 
at risk) 

Survival at 
one year 
% (n at 
risk)

I-REVIVE* 
Transseptal 22** Not available 17 67.2% (14) 33.6% (7) 28.0% (6) 

RECAST* 
Transseptal 24*** 26.8 ± 

13.4% 20 71.9% (17) 46.2% (9) 40.4% (6) 

REVIVAL-1* 
Transseptal 7 Not available 7 57.1% (4) 28.5% (2) 25.5% (2) 

REVIVAL-2 
Transfemoral 55 34.1 ± 

18.0% 48 92.7% (51) 83.4% (44) 75.8% (29) 

REVIVE -2 
Transfemoral 106 29.9 ± 13.2 

% 94 86.8% (89) 78.3% (58) 71.4% (27) 

REVIVAL-2 
Transapical 40 35.5 ± 

15.3% 35 81.8% (27) 58.7% (13) 46.7% (5) 

TRAVERCE# 
Transapical 135 26.8 ± 12.9 

% 124 87% (105) 68.9% (50) 64.3% (19) 

TOTAL 389  345 -- -- -- 

Compassion
ate Use 

Number of 
Subjects 

Number of 
Subjects
Receiving
Valve

Surviving
with Valve   

I-REVIVE 6  6 0   
REVIVAL-1 1  1 1   
REVIVAL-2 2  2 2   
Canada 
Special 
Access 
(transfemoral) 

99 

 

-- --   

Canada 
Special 
Access 
(transapical) 

44 

 

-- --   

TOTAL 152  -- -- --
Note: Edwards SAPIEN™ Transcatheter Heart Valve previously known as the Cribier-Edwards Aortic 
Bioprosthesis, renamed December 2006 
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*There are no new enrollments into this study and therefore the data were not updated 
**One patient did not receive the valve and is lost to follow-up 
*** One patient withdrew consent prior to procedure. That patient is not included in any 
analyses. 
Note: The table excludes one compassionate use case involving implantation in the 
pulmonary artery position.  
The proportions presented are the Kaplan-Meier numbers, and the counts are the 
patients at risk at exactly 1 month, 6 months, or 12 months.  
 
1.3  Defining the Patient Population 

1.3.1 Defining the “High Risk Surgical Patient” 

There are several scorecard assessment tools to assess operative risk in cardiac 
surgery patients (STS Risk Score, Ambler, Logistic EuroSCORE, New York State 
Cardiac Surgery Database) [18, 24, 48]. The STS Risk Score System, Ambler[18] and 
recently the New York State Cardiac Surgery Database (Hannon et al, in press) have 
been validated for isolated AVR.  Notably, the currently available validated risk score 
systems by definition have not captured the “non-operable” patients. Understandably, 
assessing predicted operative mortality in these patients is currently best assessed by 
surgeon opinion. Hence in the absence of single tool available to quantify the total 
predicted risk for the targeted study population, the judgment of cardiac surgeons and 
co-principal investigators in addition to validated tool such as the STS Risk Score will be 
required for screening. 

In the REVIVAL II Feasibility IDE, operative risk was assessed by the STS Risk Score 
System, the Logistic EuroSCORE System and by surgeon assessment.  In this study, 
the mean STS score was 12.8 and mean Logistic EuroSCORE was 33.8. All patients 
were evaluated by a cardiac surgeon and deemed high risk and appropriate for the study 
as required in the study guidelines. The patients who did not meet the proposed risk 
score criteria (because scores were lower ) were deemed eligible due to high risk 
comorbidities such as porcelain aorta, chest wall radiation, chest wall deformity and 
COPD, which are not captured in either the EuroSCORE or the STS scoring systems. 
These comorbidities have been documented in the baseline data per study protocol. In 
five patients who did not meet the EuroSCORE criteria of 20%, the following risk factors 
deemed the patients inoperable:  porcelain aorta (n=2), radiation therapy of the sternum 
and porcelain aorta (n=1), radiation therapy to the sternum (n=1), and severe COPD 
(n=1). 
 
To assure that patients are of high enough risk to justify the investigation, an STS score 
of 8 has been selected as the minimum risk score. This score represents patients in less 
than the top decile of risk in the STS National Registry Database*.  The following data 
ensures that this score represents the extreme end of risk in the currently available 
surgical population in the US. 
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Table 4. STS Risk Deciles (Isolated AVR) 

Decile Risk <.10 >.10 >.20 

% Cohort 92.01 7.99 1.88 

Eligible pts. 12,725 1106 260 

* 2005 STS Database Statistics 
 
For the purposes of the pivotal trial, the STS Risk Score has been selected as the 
primary screening tool and the following primary entry criteria for risk assessment is 
proposed: 
Candidates for this study must meet all of the following inclusion criteria: 
 

Patients must have co-morbidities such that the surgeon and cardiologist Co-PIs 
agreed predicted risk of operative mortality is �15% and/or a minimum STS score 
of 10.  A candidate who does not meet the STS score criteria of � 10 can be 
included in the study if a peer review by at least two surgeon investigators (not 
including the enrolling surgeon) concludes and documents that the patient’s 
predicted risk of operative mortality is �15%.  
The surgeon's assessment of operative comorbidities not captured by the STS 
score must be documented in the study case report form as well as in the patient 
medical record.  

 
1.3.2 Defining the “Non-operable (non-surgical) Patient” 

Patients who are high risk but are not eligible for the surgical (Cohort A) arm due to 
prohibitive medical or anatomical conditions will be eligible for the non-surgical (Cohort 
B) arm. These medical and anatomical conditions include highly compromised 
respiratory disease, severe immunosuppressive diseases, “true” porcelain aorta, chest 
wall radiation or deformity and multiple previous interventions in the presence of 
advanced multi-system dysfunction. Most of these characteristics are not included in the 
STS or other risk assessment systems (often such patients will score less than an STS 
of 10). Therefore, the evaluation of “non-operable” will be established by assessment of 
two cardiac surgeons along with the medical assessment of the cardiologist.

1.4  Conclusion 

The next natural step in the development and progression of this intervention and 
associated technologies for aortic valve replacement is to further evaluate the safety and 
efficacy of the Edwards SAPIEN Transcatheter Heart Valve and the delivery systems in 
a pivotal randomized-controlled clinical trial.  In order to maximize the risk-benefit for 
potential treatment subjects, only adult patients who are severely symptomatic and at 
very high risk for in-hospital mortality following AVR surgery or who have limited options 
for symptom and function improving intervention will be enrolled. 

Most patients in this late disease stage who receive palliative balloon valvuloplasty 
restenose with acute recurrence of symptoms within 6 months.  Because of the severity 
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of the disease and the lack of alternatives to BAV, repeat BAV procedures are being 
performed with results that provide improved survival rates up to 3 years [49].  
Additionally in a small feasibility study a combination of BAV and radiation therapy in 
extremely elderly patients (mean age 89 ± 4 years) has been undertaken.  Unfortunately 
these additional therapies still have a very high mortality rate over time, with patients 
receiving repeat BAV attaining a 33% survival at 3 years.  Based on extensive bench 
testing, animal experiments, and more importantly, initial clinical data, treatment of these 
patients with a transcatheter-delivered heart valve in a well controlled study may provide 
both short and long-term relief of their symptoms, improved hemodynamic function, and 
a gradual, consistent improvement of their cardiac function resulting in both increased 
survival and improved quality of life.  Availability of the transcatheter-delivered heart 
valve for these patients is only made possible by recent advances in engineering 
blending state of the art balloon expandable stent technology and a durable 
bioprosthetic valve. 

The results of the REVIVAL II Feasibility Trial which have included both transfemoral 
and transapical delivery of the transcatheter heart valve are encouraging. Reasonable 
safety and effectiveness has been demonstrated and the study population clearly 
defined. A pivotal trial is the next logical step for evaluating the device and the delivery 
systems as compared to standard of care therapy for the selected population in a 
controlled study.  
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2 General Overview of the Study Valve Technology 
 

The Edwards SAPIEN™ transcatheter heart valve (THV, or "study valve") is a catheter-
delivered heart valve that combines a balloon expandable stent and bioprosthetic valve 
technology.  The bioprosthesis, available in two sizes (23 mm and 26 mm), is designed 
for implantation via transcatheter access in patients with severe calcific aortic stenosis 
(AS), who require aortic valve replacement (AVR), but who are not good candidates for 
open-chest surgery due to extremely high operative risk or co-morbid conditions. 
Transcatheter delivery of the study valve is done via transfemoral and transapical 
cannulation. 

Implantation of the study valve is preceded by dilatation of the stenotic native aortic 
valve by means of balloon aortic valvuloplasty (BAV).  Predilatation tests the expansion 
capacity of the native valve and prepares the annulus for implantation of the study valve.  
Prior to implantation, the study valve is carefully mounted and crimped onto a balloon 
delivery catheter using a specially designed crimping device.  The study valve/balloon 
assembly is inserted either A) into the femoral artery (retrograde approach) and 
delivered to the site of the native stenotic aortic valve using the components of the 
RetroFlex™ delivery system, or B) in the left ventricular apex (antegrade approach) 
using the components of the Ascendra™ delivery system.  The study valve is positioned 
and deployed across the stenotic native valve.  The balloon delivery system is then 
removed.  These minimally invasive approaches are intended to be performed under 
local and/or general anesthesia using sterile technique with echocardiographic and 
fluoroscopic guidance for visualization. 

2.1  Edwards SAPIEN™ Transcatheter Heart Valve 

The Edwards SAPIEN™ transcatheter heart valve (bioprosthesis; Figure 1) is comprised 
of a radiopaque, stainless steel expandable support structure (stent), with an integrated 
unidirectional trileaflet tissue valve, and a polyethylene terephthalate (PET) fabric cuff.  
The valve tissue is fabricated from three equal sections of bovine pericardium that have 
been preserved in low concentration solutions of buffered glutaraldehyde to fully 
crosslink the tissue, while preserving its flexibility and strength.  The valve tissue 
component is firmly affixed to the frame within the fabric cuff at its inflow aspect and to 
attachment bars on the commissural posts at its outflow aspect using 
polytetrafluoroethylene (PTFE) sutures. 
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1. PET Cuff 
2. Commissures (in the 

valve) and Supporting 
bars (in the frame) 

3. Stent (Frame) 
4. A unidirectional valve 

 

Study Valve 

 

Study valve crimped on  
delivery balloon 

 

Figure 1. Edwards SAPIEN™ Transcatheter Heart Valve (Study Valve) 

2.2  Crimper  

The crimper (Models 9100CR23 and 9100CR26) is a single-use non-patient contacting, 
compression device (Figure 2) that symmetrically reduces the overall diameter of the 
bioprosthesis from its expanded size to its collapsed (mounted) size, effectively 
mounting the bioprosthesis to its delivery balloon catheter.  The crimper is comprised of 
a housing and a compression mechanism (creating the aperture).  The aperture is 
closed by means of a handle located on the housing.  The crimper is equipped with two 
measuring gauges: 

o A crimp gauge to verify that the bioprosthesis/balloon assembly has been suitably 
collapsed. 

o A balloon gauge to verify the bioprosthesis/balloon assembly catheter diameter when 
inflated. 
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1 - Housing 6 - Stand  
2 - Handle 7 – ID Label 
3 - Stopper 8 – Aperture 
4 - Crimp Gauge 9 - Balloon Gauge 
5 – Base  

Figure 2. Crimper 
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2.3   RetroFlex™ Delivery System 

The RetroFlex delivery system is used for transfemoral (retrograde) delivery of the 
Edwards SAPIEN transcatheter heart valve (study valve, or bioprosthesis). 

The RetroFlex delivery system consists of the following: 

� RetroFlex™ catheter, RetroFlex II™ catheter, or RetroFlex 3™ delivery system 

RetroFlex™ introducer sheath set (sheath, introducer[s], and loader) or RetroFlex 3™ 
introducer sheath set 

� RetroFlex™ dilator kit 

� RetroFlex™ balloon catheter 

RetroFlex Catheter 

The RetroFlex catheter (model 9100FC; Figure 3a) is used to advance the bioprosthesis 
(Edwards SAPIEN transcatheter heart valve) through the RetroFlex sheath over a 
guidewire and to track the bioprosthesis over the aortic arch. It is also used to aid in 
crossing, and positioning the bioprosthesis within the native valve.  The catheter has a 
shaft made of a stainless steel braid covered in a medical grade plastic with a softer 
durometer distal section that can flex from 0 to 120 degrees to help deliver the 
bioprosthesis.  The handle of the catheter provides a rotational grip for flexing the distal 
end as well as a hemostasis seal. 

Figure 3a. RetroFlex Catheter 

RetroFlex II Catheter 

The RetroFlex II catheter (models 9100HDSLT23 and 9100HDSLT26; Figure 3b) is used 
to deliver and deploy the appropriate size Edwards SAPIEN transcatheter heart valve 
(bioprosthesis).  The RetroFlex II catheter is used to advance the bioprosthesis through 
the RetroFlex sheath over a guidewire and track it over the aortic arch.  It is also used to 
aid in crossing, and positioning the bioprosthesis within the native valve.  The catheter 
has a shaft made of a stainless steel braid covered in a medical grade plastic with a 
softer durometer distal section that can flex from 0 to 120 degrees to help deliver the 
bioprosthesis.  The handle of the catheter provides a rotational grip for flexing the distal 
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end as well as a hemostasis seal.  There is a tapered nose cone tip at the distal end of 
the RetroFlex II catheter which allows the system to cross the native valve easily.  The 
nose is advanced or pulled back over the distal portion of the balloon by a knob on the 
proximal end of the handle.  The RetroFlex II catheter also incorporates a balloon 
catheter which expands the bioprosthesis with a controlled volume of saline/contrast. 

 
Figure 3b.  RetroFlex II Catheter 

RetroFlex 3 Delivery System 

The RetroFlex 3 Delivery System (models 9120FS23 and 9120FS26: Figure 3c) is used 
to deliver and deploy the appropriate size Edwards SAPIEN transcatheter heart valve 
(bioprosthesis).  The RetroFlex 3 Delivery System is an articulating “flex” catheter with a 
handle that provides a rotational grip for articulation of the distal portion of the catheter, a 
tapered tip at the distal end of the delivery system to facilitate crossing the native valve, 
and a balloon for deployment of the THV. The catheter has a shaft made of stainless 
steel braid covered in a medical grade plastic with a softer durometer distal section that 
can flex from 0 to 120 degrees to help deliver the bioprosthesis.  The tapered tip is 
integrated into the balloon of the delivery system which allows the system to cross the 
native valve easily.  The handle cap is color coded to easily identify the delivery system 
per valve size. 
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Figure 3c.  RetroFlex 3 Delivery System 

RetroFlex Introducer Sheath Set 

The RetroFlex sheath set (models 9100SL23, and 9100SL26) is used for delivery with 
the RetroFlex and RetroFlex II Catheter.  The RetroFlex 3 introducer sheath set (models 
9120S23 and 9120S26) is used with the RetroFlex 3 Delivery System.  The sheath sets 
are virtually identical in design; however, the RetroFlex 3 Introducer Sheath Set has had 
updates that increase the hemostasis properties, even with the inclusion of a 5 F 
catheter.  Both sheath sets include an introducer[s] with a hydrophilic coating and a long 
soft tip to facilitate introduction into the vessel and improved trackability (Figure 4), a 
sheath with three seal valve (Figure 5) that provides hemostasis, and a loader with a cap 
(Figure 6) is available to introduce the bioprosthesis (Edwards SAPIEN transcatheter 
heart valve) through the sheath valves while providing hemostasis. 

Figure 4. Introducer 
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Figure 5. Sheath 

 
Figure 6. Loader 

RetroFlex Dilator Kit 

The RetroFlex dilator kit (model 9100DKS [4 dilators] and model 9100DKS7 [7 dilators]) 
consists of dilators that are used during the catheterization procedure to gradually dilate 
the femoral artery to accommodate the RetroFlex sheath for bioprosthesis implantation.  
Model 9100DKS7 is used with the RetroFlex 3 Delivery System. 

Figure 7.  RetroFlex Dilator 

RetroFlex Balloon Catheter 

The RetroFlex balloon catheter (Figure 8) is available as models 9100BC20, 9100BC23,  
9100BC26, 9120BC20, and 9120BC23. Models 9100BC20 and 9120BC20  (or any 
20 mm commercially available balloon valvuloplasty catheter [BVC]) can be used to 
predilate the native annulus to ease crossing with the 23 mm bioprosthesis; and model 
9100BC23 and 9120BC23 (or any 23 mm commercially available BVC) can be used to 
predilate the native annulus to ease crossing with the 26 mm bioprosthesis.  Model 
9120BC20 and 9120BC23 are used in association with the RetroFlex 3 Delivery System.  
Model 9100BC23 and model 9100BC26 are used in association with the RetroFlex 
catheter (model 9100FC) for transfemoral delivery and deployment of the 23 mm or 
26 mm bioprosthesis, respectively. The balloon catheter is advanced through the 
introducer sheath by the RetroFlex catheter and through the arterial system to the native 
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aortic valve. The balloon expands the native aortic valve and/or the bioprosthesis with a 
controlled volume of saline/contrast. Two outer radiopaque markers indicate the dilating 
section of the balloon and aid in balloon placement. Two inner radiopaque markers are 
used to indicate the location of the bioprosthesis on the balloon and aid in positioning of 
the bioprosthesis in the native valve. The balloon catheter shaft has a braided multi-
durometer outer-shaft. Rapid inflation and deflation of the balloon is achieved through 
the 130 cm coaxial shaft design. 

 

 
Figure 8.  RetroFlex Balloon Catheter 

 
2.4  Ascendra™ Delivery System 

The Ascendra delivery system is used for transapical (antegrade) delivery of the 
Edwards SAPIEN transcatheter heart valve (study valve, or bioprosthesis). 

The Ascendra delivery system consists of the following: 

� Edwards MIS introducer sheath set 

� Ascendra introducer sheath set 

� Ascendra balloon aortic valvuloplasty catheter 

� Ascendra balloon catheter 

Edwards MIS and Ascendra Introducer Sheath Set 

The introducer sheath set (models 9100MISIS and 9100IS; Figure 9) has a radiopaque 
marker for visualization of the sheath tip and non radiopaque depth markings on the 
distal end of the body of the sheath. The proximal end of the introducer sheath includes 
a side port and three hemostasis valves. A dilator is supplied with the introducer sheath. 
The dilator has a radiopaque marker at the distal end where the taper begins. 
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Figure 9. Edwards MIS Introducer Sheath Set or the Ascendra Introducer Sheath Set 

Ascendra Balloon Aortic Valvuloplasty Catheter 

The Ascendra balloon aortic valvuloplasty catheter (model 9100BAVC) is a coaxial 
designed catheter with a distal inflatable balloon. Two radiopaque marker bands indicate 
the dilating section of the balloon and aid in balloon placement. The proximal end of the 
catheter has a  standard “Y” connector for balloon inflation and a guidewire lumen. An 
optional balloon extension tubing is provided for user preference. The balloon is inflated 
by injecting diluted contrast medium solution through the luer port (marked “BALLOON”) 
on the “Y” connector. 
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Figure 10. Ascendra Balloon Aortic Valvuloplasty Catheter 
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Ascendra Balloon Catheter 

The Ascendra balloon catheter system (models 9100BCL23 and 9100BCL26; Figure 11) 
consists of a balloon catheter and a loader. Two radiopaque markers on the balloon 
serve as indicators for bioprosthesis placement during crimping, as well as visualization 
of the balloon. The catheter has a deflecting mechanism to steer the balloon. The loader 
allows for the delivery of the crimped bioprosthesis through the hemostasis valves. 

Figure 11. Ascendra Balloon Catheter 
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3 Benefits and Risks 
 

3.1  Benefits 

There are no guaranteed benefits from participation in this study. 

Implantation of the transcatheter heart valve in the subcoronary position may result in 
one or more of the following: improved valvular function, acute alleviation of symptoms 
related to aortic stenosis, improved morbidity and mortality. 

Additionally, information gained from the conduct of this study may be of benefit to other 
people with the same medical condition in the future.  The long-term results of using the 
study valve are not known at the present time.  Alternative treatments include palliative 
medical therapy, aortic balloon valvuloplasty and surgical replacement of the aortic 
valve. 

3.2  Risks 

In addition to the usual risks associated with surgical control AVR, control medical 
management and or BAV, there are potential risks associated with the use of the study 
valve that can be grouped into two categories.  First, there are the potential risks 
associated with the overall procedure including standard cardiac catheterization for the 
transfemoral access, surgical access for the transapical delivery, balloon valvuloplasty, 
and the potential risks of local and/or general anesthesia.  Second, there are the 
additional potential risks uniquely associated with the use of the study valve. 

The potential risks include but are not limited to, the following: 
 
� death; 
� cardiovascular or vascular injury, such as perforation or damage (dissection) of 

vessels,  ventricle, myocardium or valvular structures that may require intervention; 
� myocardial infarction; 
� neurological changes including stroke/transient ischemic attack;  
� embolization: air, calcification or thrombus; 
� heart failure (low cardiac output); 
� hemorrhage requiring transfusion or intervention; 
� hematoma (changes at the access site);  
� hypertension (high blood pressure)/ hypotension (low blood pressure); 
� renal failure; 
� renal insufficiency; 
� respiratory failure (shortness of breath);  
� allergic dye reaction;  
� anesthesia reactions; 
� arrhythmia; 
� conduction system injury, which may require a permanent pacemaker; 
� fever; 
� exercise intolerance (weakness); 
� abnormal lab values and electrolyte imbalance; 
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� infection including endocarditis, incisional site infection/inflammation and septicemia; 
� pericardial effusion/cardiac tamponade; 
� systemic peripheral ischemia/nerve injury; and 
� AV fistula. 
 
In addition to the risks listed above, additional potential risks specifically associated with 
the use of the study valve include, but may not be limited to, the following: 

� bleeding; 
� device explant; 
� device embolization; 
� device migration or malposition requiring intervention; 
� device thrombosis requiring intervention; 
� emergency cardiac surgery; 
� endocarditis; 
� hemolysis; 
� anemia including hemolytic anemia; 
� non-emergent reoperation; 
� nonstructural dysfunction; 
� paravalvular leak; 
� structural valve deterioration; 
� valve stenosis; 
� valvular thrombosis; 
� potential coronary obstruction;  
� injury at the site of venous, arterial or ventricular access that may require repair.  

All the listed risks may include the symptoms associated with the above mentioned 
medical condition. 

All efforts will be made to minimize these risks by selecting investigators and study sites 
who meet the following criteria: 

� interventional cardiologists (transfemoral operators) are experienced and skilled in 
percutaneous, structural heart interventions (BAV). 
 

� cardiovascular surgeons performing procedures must be board certified (or 
equivalent) and have performed at least  100 high risk AVR operations as well as 
maintain an average a minimum of 30 aortic valve operations per year. Each 
surgeon performing the procedures in this study should provide a statement that their 
operative mortality results meet an observed/expected ratio of 1 or better per their 
institution’s preferred, validated quality benchmarking system for valve surgery, 
(STS, or other).  The study investigators will provide verification that they meet 
criteria. Additionally, the study Co-PIs will assess and determine site and investigator 
eligibility.  
 

� strong interdepartmental collaboration between cardiac surgery and interventional 
cardiology operators and a team that has been trained in the use of the study valve 
(See Appendix A for details on the training program).   
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� procedure setting to include either a hybrid catheterization/operating room suite 
and/or a fixed C-arm angiography imaging capability in the operative suite. Imaging 
is an essential requirement for site selection. 
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4 Study Objectives and Endpoints 
 
4.1  Primary Objectives 

The purpose of this trial is to determine the safety and effectiveness of the Edwards 
SAPIEN™ Transcatheter Heart Valve and delivery systems (transfemoral and 
transapical) in high risk symptomatic patients with severe aortic stenosis: a) patients with 
high surgical risk for aortic valve replacement who are candidates for the transfemoral 
approach, b) patients with high surgical risk who do not meet vascular access criteria for 
transfemoral delivery and are thus transapical candidates, and c) non- surgical patients 
who are candidates for the transfemoral approach.  Those who are non-operable but are 
not eligible for transfemoral delivery will not be eligible for randomization into the trial.   
 
The primary study endpoints are defined as follows: 
 
Primary Endpoints:  

Cohort A: Test (transfemoral or transapical) vs. surgical control 
 Endpoint: Freedom from death at one year (non-inferiority) 
 
 Cohort B: Test (transfemoral) vs. non-surgical best medical therapy 

control 
 Endpoints: (1) Freedom from death, over the duration of the trial 

(superiority) and (2) Composite of death and recurrent hospitalization, 
using the method of Finkelstein and Schoenfeld. 

 
4.2  Secondary Objectives 

The secondary study endpoints are defined as follows: 
 
Secondary  
Endpoints: Cohort A:
            

1) Separate analyses of the primary endpoint in the transapical 
and transfemoral groups. 

2) Functional improvement from baseline as measured per a) 
NYHA functional classification, b) effective orifice area (EOA) 
and c) six minute walk test at 30 days, six months and one 
year  

3) Freedom from MACCE at 30 days, 6 and 12 months. MACCE 
definition includes death, MI, stroke and renal failure.  

4) Evidence of prosthetic valve dysfunction (hemolysis, infection, 
thrombosis, severe paravalvular leak or migration) at 30 days, 
6 and 12 months  

5) Length of index hospital stay 
6) Total hospital days from the index procedure to one year post 

procedure. 
7) Improved Quality of Life (QOL) from baseline at 30 days, 6 

and 12 months 
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8) Improved valve function demonstrated by a responder analysis 
showing the percentage of patients in each treatment group 
who have a greater than 50% improvement in AVA at 30 days, 
6 and 12 months 

 
Cohort B: 

 
1) Functional improvement from baseline as measured per a) 

NYHA functional classification, b) effective orifice area (EOA) 
and c) six minute walk test at 30 days, six months and one 
year 

2) Freedom from MACCE at 30 days, 6 and 12 months. 
 MACCE definition includes death, MI, stroke and renal failure.  
3) Total hospital days from the index procedure or randomization 

into control arm for medical management patients to one year 
post procedure or randomization. 

4) Improved Quality of Life (QOL) from baseline at 30 days, 6 
and 12 months 

5) In addition, long-term follow-up for improved QOL will be 
assessed from baseline at 4 years and 5 years for purposes of 
the FDA request to obtain post-market follow-up assessments. 

6) Improved valve function demonstrated by a responder analysis 
showing the percentage of patients in each treatment group 
who have a greater than 50% improvement in AVA at 30 days, 
six months and one year  

 
4.3  Additional Safety Endpoint Collection 

In addition to the above primary and secondary study endpoints, the data for endpoints 
listed below will be collected, analyzed and reported: 

 
For both Cohort A and B, an expanded safety composite event including death, MI, 
stroke, aortic valve reintervention, recurrent hospitalization and procedure access 
complications (unplanned surgical vascular conduit, unplanned vascular grafting 
intervention, repair of thoracic or abdominal aorta, or access wound infection). 
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Event Reporting Interval 
Annular dissection 30 days or hospital discharge, whichever is longer, 6 and 12 

months 
Aortic dissection 30 days or hospital discharge, whichever is longer, 6 and 12 

months 
Structural valve 
deterioration 

30 days or hospital discharge, whichever is longer, 6 and 12 
months 

Nonstructural dysfunction 
(includes paravalvular 
leak) 

30 days or hospital discharge, whichever is longer, 6 and 12 
months 

Valve thrombosis 30 days or hospital discharge, whichever is longer`, 6 and 12 
months 

Embolism 30 days or hospital discharge, whichever is longer, 6 and 12 
months 

Bleeding event 30 days or hospital discharge, whichever is longer, 6 and 12 
months 

Operated valvular 
endocarditis 

30 days or hospital discharge, whichever is longer, 6 and 12 
months 

Conduction defects 30 days or hospital discharge, whichever is longer, 6 and 12 
months 

Ventricular injury 30 days or hospital discharge, whichever is longer, 6 and 12 
months 

Valve migration 30 days or hospital discharge, whichever is longer, 6 and 12 
months 

Hemolysis 30 days or hospital discharge, whichever is longer, 6 and 12 
months 

Vascular and access-
related complications 

30 days or hospital discharge, whichever is longer, 6 and 12 
months 

Mitral valve compromise 30 days or hospital discharge, whichever is longer, 6 and 12 
months 

 
4.4  Additional Efficacy Endpoints 

In addition to the above primary and secondary study endpoints, the data for endpoints 
listed below will be collected, analyzed and reported: 

Endpoint Reporting Interval 
Device Success Index hospitalization 
Procedure Success 30 days 
Cost and Cost-Effectiveness Index hospitalization and 12 months 
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5 Study Design 
 
This is a prospective, stratified, then randomized-controlled, multi-center pivotal trial 
evaluating the safety and effectiveness of the Edwards SAPIEN™ Transcatheter Heart 
Valve in the following patient populations versus separate controls: 

Cohort A  High risk surgery patients undergoing transcatheter aortic valve implantation 
(treatment) via transfemoral or transapical delivery vs. surgical AVR (control) 

Cohort B Non-surgical patients undergoing transcatheter aortic valve implantation 
(treatment) via transfemoral delivery vs. best medical management (control).  
Those who are non-operable and assigned to Cohort B but are not eligible for 
transfemoral delivery will not be eligible for randomization into the trial. 

This pivotal trial will include at least 1040 subjects at up to 30 sites, including up to five 
sites outside the US. The study is powered to effectively analyze each stratification 
cohort against its own control as well as to ensure ample power to evaluate safety and 
effectiveness of the transfemoral and transapical delivery methods. 

Table 6 in Section 5.12 and Appendix B (Study Flow Chart) provide general information 
on the study design.  Primary analysis will be used to demonstrate study success and 
support device approval for the US, Japan and other countries as applicable. 

Trial Endpoint Analysis 

Trial analysis will generally consist of comparisons of Test vs. Control.  The endpoints 
for the two trial cohorts are separate, and data from the trial cohorts will not be pooled 
for the endpoint analysis.   

Specific details of endpoint analysis are given in the Statistical Analysis section of this 
protocol. 

5.1  Sample Size Computation 

The sample size is based on the primary effectiveness and safety test. 

The size is computed separately for the two patient cohorts, and is based on obtaining at 
least 85% power for each cohort when analyzed separately.  The size is also based on 
randomization ratios of 1:1 between the trial arms. 
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Cohort A: 

The feasibility assumptions for one year mortality are:  

Patient Group  Mortality at 12 Months 
Transfemoral 
 

Test 25% 
Control 30% 

Transapical Test 35% 
Control 35% 

Combined (based on 
65% transfemoral 

Test 29% 
Control 32% 

 

For the transfemoral Test arm, the 25% assumption comes from the latest analysis of 
the REVIVAL II trial.  Based on data as of October 7, 2007, the Kaplan-Meier mortality in 
for the transfemoral implants is 26.2% at 1 year, with a standard error of 6.3%.  This 
value is consistent with other feasibility studies (REVIVE and Canadian Special Access). 
Based on the fact the some of the early deaths may not recur as a result of lessons 
learned, the 25% mortality figure has been assumed.  

Based on REVIVAL II data as of October 7, 2007, the Kaplan-Meier mortality for the 
transapical implants is 37.1% at 1 year, with a standard error of 11.3%. This value is 
consistent with, but slightly higher than, other feasibility studies (TRAVERCE and 
Canadian Special Access). As some of the early deaths may not recur as a result of 
lessons learned, a mortality figure of 35% has been assumed.  

The feasibility assumption for the transfemoral Control arm comes from the observed 30-
death rate of 7.3% in the REVIVAL II transfemoral patients and the 13.1 mean STS 
score in these same patients. To the extent that the STS score is predictive of mortality 
in this high risk group, there should be at least a 5% improvement from Control to Test.  

For the transapical Control arm the STS comparison again favors the Test arm, but the 
situation is not so clear because of the smaller sample size.  Accordingly for sample size 
purposes the same mortality figure is assumed in the transapical Control arm as in the 
transapical Test arm. 

Rationale for the selection of non-inferiority margin can be found in section 7.7.1.  

Because little or no censored data is anticipated in analyzing the primary effectiveness 
endpoint, the formula of Makuch and Simon [50] for the pure proportion analysis is used.  
This formula is 
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where n is the sample size per trial arm, �T  is the mortality rate in the Test arm, �C  is 
the mortality rate in the Control arm, and z� and z� are the percentiles of the standard 
normal distribution.  
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The final sample size for the primary analysis is based on a combined assumption as 
shown in the table above. The proposed sample size will give approximately 90% power 
for the combined endpoint. Since the actual transfemoral/transapical split is a random 
variable, the power is also impacted by the split. However, this dependence is not 
severe.  

If the transapical Test survival is truly better than the transapical Control survival, the 
power will go up. If the transapical difference reaches the same 5% assumed for the 
transfemoral, the power will be over 95%. 

It should be noted that these powers for the combined analysis ignore the impact of a 
potential interaction. A simulation, based on the feasibility assumptions, indicates that 
the probability of a statistically significant interaction (at the 0.05-level) is at least 10%. 
The interaction issue is further addressed in the statistical analysis section. 

The minimum specified sample size of 450 transfemoral eligible patients will also give a 
power of 90% for the transfemoral subgroup. The interaction is irrelevant for this 
subgroup analysis. 

Cohort B: 

The feasibility assumptions for one year mortality are:  

Patient Group Mortality at 12 Months 
Test Arm 25%  
Control Arm  37.5%  

 

The feasibility assumption for the Test arm is also from the REVIVAL trial. The feasibility 
assumption for Cohort B is taken from Charlson, Legedza, et al. [8] where the death rate 
for such patients is 45%; the 37.5% figure in our table is conservative.  

For use of the sample size software, we also assume that the death rates follow a 
constant hazard distribution, and that trial enrollment is at a constant rate over 18 
months, with additional follow-up of 1 year, and a lost to follow-up rate of 0.10 per year.  
Based on all these assumptions and � = 0.05, the sample size of 175 per trial arm will 
give a power of 84%, as computed by nQuery Advisor 6.0 software.  If the lost to follow-
up can be managed in the trial, the power reaches the 85% goal specified above. 
 
The sample size software also indicates that the power is based on a total of 148 deaths in 
the combined trial arms. In order to protect against deviation from the enrollment 
assumptions, an additional criterion of 150 deaths has been placed on determining the 
analysis close date for Cohort B. 

It remains to consider the power of the co-primary endpoint that uses the Finkelstein-
Schoenfeld methodology.  The first patient comparison in this test is survival; the increase 
in power over the survival test comes from the additional comparisons based on recurrent 
hospitalization.  Based on the assumptions outlined below, we estimate that the power for 
the Finkelstein-Schoenfeld test will be at least 95%. Because the test is not considered in 
standard sample size software, these values are obtained by simulation. 
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For the one year rehospitalization, the assumption is that reoperation will occur on the 
basis of a constant hazard model, with the hazard rate 12% per year for the Test arm and 
20% per year for the Control arm.   

� The 12% rate in the Test arm is approximately what was observed in the Revive 
and Revival trials; however, the definitions are not identical and this must be 
considered an educated guess only. 

� The 20% rate in the Control arm is loosely based on a number of different papers, 
although none considers the exact information needed for this trial.  The paper of 
Otto [28], indicates that 64% of patients were rehospitalized in a 3-year study.  
Other literatures support the same general rate assumptions, although some are 
higher and some lower.   

� The constant hazard model has been chosen because it is simplest, and we have 
no specific information to suggest what model might be better.  

� For simulation purposes it was assumed that the rehospitalization and survival 
distributions are independent. This independence cannot be strictly true, since 
many deaths will be preceded by rehospitalization. However, most of these 
rehospitalizations will be irrelevant in the Finkelstein-Schoenfeld analysis, since 
death is considered first in comparing pairs of patients. In any event, there are no 
data to assume a specific dependence pattern. 

� The assumptions used in the simulation are definitely not solid gold, but they 
represent reasonable assumptions based on limited feasibility data. In any event, 
the final trial analysis is based on observed data rather than these assumptions. 
The sponsor accepts the risk that the assumptions were unduly optimistic. 

 

Formal power calculations have not been performed for the secondary endpoints 
included in the Hochberg analysis.  Based on informal calculations, it is believed that 
there is a realistic possibility of passing all of them, depending of course on the actual 
effectiveness and safety of the new valve and implant procedure.    

For cohort A these secondary endpoints are based on a non-inferiority analysis. 
Because the Control patients in this cohort are receiving an FDA approved valve 
replacement, a trial arm comparison would not be likely to demonstrate superiority in 
either direction.   
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Notes: 

a)  For the purposes of completion of training which includes 2 proctored procedures 
(there is a need to allow for scheduling of proctors), there will be 2 roll-in patients 
with successful delivery of the Edwards SAPIEN Transcatheter Heart Valve to its 
intended location per delivery approach per new clinical site [excluding sites 
participating in REVIVAL II trial (Edwards study 2005-01-PHV)].  These patients will 
not be included in the total enrollment population nor the data analysis. 

 
b)  To ensure enrollment is representative and balanced across study sites, no site will 

enroll more than 20 percent of the total in either cohort or implant approach. 

5.1.1  Enrollment Close 

Total enrollment for the trial is a minimum of 1040 patients, subject to further clarification 
below. When the sponsor has been notified that the necessary number of patients has 
been enrolled, the sites will be notified to discontinue enrollment.  However, all 
consented patients will still be allowed to receive the treatment for their trial arm.  This 
may result in a small number of additional patients in the trial.  All such patients will be 
included in trial analysis. 

Some sites may also be notified to stop enrollment in one or both cohorts due to the 
20% limitation mentioned in section 5.1, note b.   

The enrollment in Cohort A will be from 690 to 750 randomized patients, with a minimum 
of 450 transfemoral eligible patients and 200 transapical eligible patients. Enrollment will 
continue past 690 if needed to meet both minima. If 750 patients do not meet both 
minima, the FDA will be contacted to determine the further course of action. 

The rationale for the approach minima given above is to avoid biasing the physician’s 
assignment decision between transfemoral and transapical. Clinicians have consistently 
advised that determination of transfemoral eligibility cannot be performed with 
mathematical precision; instead there is a considerable gray area where a 
knowledgeable physician might decide in either direction.  If physicians were forced to 
meet precise targets within the 690 there would be no way to avoid such bias. 

The enrollment in Cohort B will be 350 randomized patients.  

It is expected that the enrollment for the Cohort B sample (n=350 subjects) will be 
achieved sooner than Cohort A. Once the 350 patient limit has been reached, all future 
randomizations in Cohort B will be enrolled as part of a continued access sub-cohort 
until the enrollment for the Cohort A sample is filled.  Once the Cohort A sample is filled, 
patients eligible for Cohort A or Cohort B will be enrolled under continued access 
provisions, without randomization.  A total of 468 patients will be enrolled under the non-
randomized continued access provisions at 23 sites at a rate of 39 patients per month.   

5.2  Subject Selection Criteria  

This is a stratified study of patients at high risk for surgery. All subjects who meet the 
study eligibility requirements will be stratified into cohorts for operability, followed by 
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stratification based on vascular access. Those not meeting vascular criteria for 
transfemoral delivery are candidates for transapical approach. 
 

Patients who are considered high surgical risk and eligible for transfemoral access will 
be stratified into Cohort A and randomized to treatment (transfemoral AVR) or control 
(surgical AVR).  Patients who are considered high risk and not eligible for transfemoral 
access will be stratified into Cohort A and randomized to treatment (transapical AVR) or 
control (surgical AVR).  Those patients who are considered non-surgical candidates are 
stratified into Cohort B and randomized to treatment (transfemoral AVR) or control 
(medical management).  Those who are non-operable and assigned to Cohort B but are 
not eligible for transfemoral delivery will not be eligible for randomization into the trial. 
 
For the non-randomized continuous access trial, patients who are considered high 
surgical risk and eligible for transfemoral access will be stratified into Cohort A. Patients 
who are considered high surgical risk and not eligible for transfemoral access will be 
stratified into Cohort A and treated by transapical access.  Those patients who are 
considered non-surgical candidates are stratified into Cohort B and treated by 
transfemoral access.   

 

Candidates for this study must meet all of the following Inclusion/Exclusion criteria: 

5.2.1 Inclusion Criteria 

Cohort A: 
 
All candidates for Cohort A of this study must meet all of the following Inclusion criteria: 
 
1.  Patients must have co-morbidities such that the surgeon and cardiologist Co-PIs 

concur that the predicted risk of operative mortality is �15% and/or a minimum STS 
score of 10.  A candidate who does not meet the STS score criteria of � 10 can be 
included in the study if a peer review by at least two surgeon investigators (not 
including the enrolling surgeon) concludes and documents that the patient’s 
predicted risk of operative mortality is �15%. The surgeon's assessment of operative 
comorbidities not captured by the STS score must be documented in the study case 
report form as well as in the patient medical record.   

2.  Patient has senile degenerative aortic valve stenosis with echocardiographically 
derived criteria: mean gradient >40 mmHg or jet velocity greater than 4.0 m/s or an 
initial aortic valve area (AVA) of < 0.8 cm2 (indexed EOA < 0.5 cm2/m2). Qualifying 
AVA baseline measurement must be within 45 days prior to enrollment.  Enrollment is 
defined as the date that the Procedure Informed Consent is signed. 

3.  Patient is symptomatic from his/her aortic valve stenosis, as demonstrated by NYHA 
Functional Class II or greater.  

4.  The subject or the subject’s legal representative has been informed of the nature of 
the study, agrees to its provisions and has provided written informed consent as 
approved by the Institutional Review Board (IRB) of the respective clinical site.  

5.  The subject and the treating physician agree that the subject will return for all 
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required post-procedure follow-up visits. 
  
Cohort B 

 
All candidates for Cohort B of this study must meet # 2, 3, 4, 5 of the above criteria, and  
 
6. The subject, after formal consults by a cardiologist and two cardiovascular surgeons 

agree that medical factors preclude operation, based on a conclusion that the 
probability of death or serious, irreversible morbidity exceeds the probability of 
meaningful improvement.  Specifically, the probability of death or serious, irreversible 
morbidity should exceed 50%.  The surgeons' consult notes shall specify the medical 
or anatomic factors leading to that conclusion and include a printout of the 
calculation of the STS score to additionally identify the risks in these patients. 
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5.2.2 Exclusion Criteria 
 
Candidates will be excluded from the study if any of the following conditions are present: 
 
1. Evidence of an acute myocardial infarction � 1month before the intended treatment 

(defined as: Q wave MI, or non-Q wave MI with total CK elevation of CK-MB � twice 
normal in the presence of MB elevation and/or troponin level elevation (WHO 
definition). 

2. Aortic valve is a congenital unicuspid or congenital bicuspid valve, or is non-calcified. 

3. Mixed aortic valve disease (aortic stenosis and aortic regurgitation with predominant 
aortic regurgitation >3+). 

4. Any therapeutic invasive cardiac procedure performed within 30 days of the index 
procedure, (or 6 months if the procedure was a drug eluting coronary stent 
implantation). 

5. Pre-existing prosthetic heart valve in any position, prosthetic ring, severe mitral 
annular calcification (MAC), severe (greater than 3+) mitral insufficiency, or Gorlin 
syndrome  

6. Blood dyscrasias as defined: leukopenia (WBC<3000 mm3), acute anemia (Hb< 
9 mg%), thrombocytopenia (platelet count <50,000 cells/mm³), history of bleeding 
diathesis or coagulopathy.  

7. Untreated clinically significant coronary artery disease requiring revascularization. 

8. Hemodynamic instability requiring inotropic support or mechanical heart assistance. 

9. Need for emergency surgery for any reason. 

10. Hypertrophic cardiomyopathy with or without obstruction (HOCM). 

11. Severe ventricular dysfunction with LVEF <20. 

12. Echocardiographic evidence of intracardiac mass, thrombus or vegetation. 

13. Active peptic ulcer or upper GI bleeding within the prior 3 months. 

14. A known hypersensitivity or contraindication to aspirin, heparin, ticlopidine (Ticlid), or 
clopidogrel (Plavix), or sensitivity to contrast media, which cannot be adequately pre-
medicated. 

15. Native aortic annulus size < 18mm or > 25mm as measured by echocardiogram. 

16. Patient has been offered surgery but has refused surgery. 

17. Recent (within 6 months) cerebrovascular accident (CVA) or a transient ischemic 
attack (TIA). 
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18. Renal insufficiency (creatinine > 3.0) and/or end stage renal disease requiring 
chronic dialysis.  

19. Life expectancy < 12 months due to non-cardiac co-morbid conditions. 

20. Significant aortic disease, including abdominal aortic or thoracic aneurysm defined 
as maximal luminal diameter 5cm or greater; marked tortuosity (hyperacute bend), 
aortic arch atheroma (especially if thick [> 5 mm], protruding or ulcerated) or 
narrowing (especially with calcification and surface irregularities) of the abdominal or 
thoracic aorta, severe “unfolding” and tortuosity of the thoracic aorta (applicable for 
transfemoral patients only).  

21. Iliofemoral vessel characteristics that would preclude safe placement of 22F or 24F 
introducer sheath such as severe obstructive calcification, severe tortuosity or 
vessels size less than 7 mm in diameter (applicable for transfemoral patients only). 

22. Currently participating in an investigational drug or another device study.  [Note: 
Trials requiring extended follow-up for products that were investigational, but have 
since become commercially available, are not considered investigational trials]. 

23. Active bacterial endocarditis or other active infections. 
 
24. Bulky calcified aortic valve leaflets in close proximity to coronary ostia. 

 

5.3  Subject Screening 

The screening phase of the trial is designed to meet three objectives: 
1) determine subject eligibility, 2) determine surgical risk for stratification into the high 
risk Cohort A or inoperable Cohort B,  3) evaluate vascular access characteristics to 
determine eligibility for transfemoral delivery, and if possible 4) Frailty Index (see 
Appendix L); those not meeting the criteria for transfemoral delivery are candidates for 
transapical delivery.  
 
A unique aspect of this trial is the formal joint collaboration of co-principal investigators 
(a designated interventional cardiologist and a designated cardiac surgeon) at each site. 
Both co-principal investigators will be involved in the patient selection and screening 
process. All patients evaluated for severe aortic stenosis in medical and surgical 
departments that are very high risk candidates for AVR should be screened for study 
eligibility. The screening assessments are described below in section 5.5. The screening 
of patients in both departments will be coordinated by one study coordinator who will be 
a member of the Institution’s research team assigned to the trial. The study coordinator 
will be responsible for ensuring and reporting subject screening for study eligibility.  A 
screening log will be provided to study sites to maintain a cumulative log of all the 
screened patients and patients enrolled.  Reasons for meeting study criteria, but failure 
to enroll will be captured on the screening/enrollment log and will be monitored in the 
trial. This screening/enrollment log will be completed and faxed or emailed by the site 
study coordinator to Edwards Lifesciences on a monthly basis. Summaries of patient 
enrollment data along with patient screening and enrollment logs will be reviewed 
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periodically by the study executive committee, co-PIs and DSMB to monitor for 
appropriate stratification between Cohort A and Cohort B. 

Surgical risk profiles will be evaluated by the STS Risk Score Calculator.  Additional 
assessments regarding the patient’s “operability” will be assessed by the surgeon 
investigator (this will be further discussed in the “Patient Enrollment”).  To ensure 
consistency of risk score assessment and documentation, the STS Risk Score 
Calculator is available on line at www.STS.org. A candidate who does not meet the STS 
score criteria of � 10 can be included in the study if a peer review by at least two 
surgeon investigators (not including the enrolling surgeon) concludes and documents 
that the patient’s predicted risk of operative mortality is �15%.  
 
5.4  Informed Consent 

All potential subjects must be consented prior to the screening assessments as well as 
the study procedures.  Once the Investigator has determined the subject’s eligibility for 
the study through the screening process, the background of the proposed study and the 
benefits and risks of the study and procedures must be explained to the subject.  The 
subject (or the subject’s legal representative) must sign the Institution’s Ethics 
Committee (EC) approved informed consent forms (Appendix C) prior to participation as 
described below in section 5.5.  Failure to provide informed consents renders the subject 
ineligible for the study.  

5.5  Enrollment 

Prior to patient enrollment, potential study patients will require screening tests 
determining study eligibility. Accordingly, a Screening Informed Consent form will be 
required prior to completing the screening tests as follows:   

Apart form a medical history evaluation, physical examination, blood work analysis, 
NYHA classification assessment, either transthoracic or transesophageal 
echocardiography assessment, all candidates shall have the following assessments: 

1) A NIHSS exam will be performed prior to enrollment. Patients with abnormal findings 
and who have had a CT or MRI confirmed stroke (within 6 months), will not be 
eligible for enrollment. Additionally, a CT or MRI brain scan will be performed for any 
subject with an abnormal result on the stroke scale at baseline whether or not they 
have a documented stroke OR any subject that has had a stroke in the past 6-12 
months that did not receive a post stroke image or there is no record of an image IF 
there is an abnormal change in the NIH stroke scale. 

 
2) A screening thoracic and abdominal aortograms or thoracic and abdominal CT 

angiograms with complete visualization of both iliacs and femorals to the aorta will be 
performed. In the situation where patients have compromised renal function that 
precludes contrast media, MR imaging may be used as an alternative.  These 
studies will determine vascular access eligibility and will be confirmed by a vascular 
interventionalist. 

3) Left and right heart catheterization will be done to assess the severity of aortic 
stenosis and severity of coronary artery disease if applicable.     
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All subjects who meet the study eligibility requirements will be stratified into cohorts for 
operability, followed by stratification based on vascular access. Patients who are 
considered high surgical risk and eligible for transfemoral access will be stratified into 
Cohort A. Patients who are considered high surgical risk and not eligible for transfemoral 
access will be stratified into Cohort A and treated by transapical access.  Those patients 
who are considered non-surgical candidates are stratified into Cohort B and treated by 
transfemoral access.  Those who are non-operable and assigned to Cohort B but are not 
eligible for transfemoral delivery will not be eligible for enrolled into the trial.  Patients 
who are stratified as high risk surgery but refuse surgery may not be enrolled in the trial. 
Once the patient understands their cohort assignment, the patients will then be required 
to sign a separate Study Procedure Informed Consent form. Subjects will be considered 
enrolled into the study after completion of all four of the following steps: 
 
� Signed Screening Informed Consent is obtained; 
� Based on the screening assessments it is determined that the subject meets all of 

the inclusion and none of the exclusion criteria; 
� The trial cohort has been determined, and understood by the patient; 
� Signed Study Procedure Informed Consent is obtained. 

 
5.6  Subject Withdrawal 

All living subjects are required to complete clinical follow-up.  Subjects will be exempt 
from follow-up only if they withdraw their consent.  A study subject that has been 
withdrawn from the study will not be replaced.  

5.7  Prior to Study Procedures 

5.7.1 Baseline Assessments
 

Informed consent will be obtained from all subjects who are potential trial candidates 
prior to commencement of study related procedures.  All medications (long-acting 
nitrates, diuretics, cardiac glycosides, etc.) will be continued at their chronic prescribed 
dosages. 
 
The following baseline data will be collected for all subjects prior to procedure or the 
medical management commencement (see Table 6 in Section 5.12). 
 
1) Physical assessment and patient interview; Medical history and pertinent physical 

examination [includes vital signs and all major systems findings, including weight, 
height and body surface area (BSA); BSA will be calculated from height and weight 
by use of the formula by Dubois and Dubois (BSA = 0.007184 × weight [kg]0.425 × 
height [m]0.725)]; 

2) Current cardiac medications;  
3) CCS status of angina; 
4) NYHA status of congestive heart failure (assessed by non-implanting physician);  
5) History of syncope not related to AV block; 
6) Number of hospitalizations for symptoms of aortic stenosis for the last 6 months; 
7) Baseline Quality of Life Survey(s); 
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8) Baseline NIHSS Stroke Scale and Mini-Mental State Exam (Appendix H). Baseline 
neurological assessment should include a careful neurological exam including 
cranial nerves, peripheral assessment of motor and sensory, and cerebellar 
function performed by a physician or physician assistant or nurse practitioner; 

9) STS Risk Score; 
10) Logistic EuroSCORE; 
11) Six Minute Walk Test; 

Patient who exhibit any of the following criteria will be exempt from the Six Minute 
Walk test:  

1) postural hypotension, 2) postural change in heart rate, arrhythmia, 3) resting 
systolic pressure less than 95mmHg, 4) non-ambulatory due to PVD, 
neuromuscular or severely arthritic disease, 5) COPD with 02 desaturation on 
ambulation, or oxygen dependent, or 6) unstable angina 

12) Frailty Index Assessment (if possible); 
  

Clinical Laboratory Tests 
 

13) CBC with differential and platelet count (� 2 weeks before procedure); 
14) Complete metabolic panel (� 2 weeks before procedure); 
15) Liver panel; 
16) Albumin; 
17) B-type natriuretic peptide (BNP);  
18) Plasma free hemoglobin (if possible); 
19) Haptoglobin and reticulocytes (if possible); 
20) Troponins or cardiac enzymes (CK/CK-MBs) � 24 hours before the procedure or at 

the time of access, but before the procedure; 
21) PTT or PT/INR if applicable; 

 
 Non-Invasive Studies 
 

22) Standard 12-lead ECG (an ECG performed � 2 weeks prior to the procedure may 
be used as the baseline ECG); 

23) Comprehensive transthoracic or transesophageal 2D echocardiogram, including 
assessment of aortic valve gradients (mean and peak), areas, indices, degree of 
regurgitation, cardiac output and cardiac index, left ventricle systolic function 
(global and segmental); 

24) Chest X-ray examination;  
25) CT or MRI brain scan for any subject with an abnormal result on the stroke scale at 

baseline whether or not they have a documented stroke OR any subject that has 
had a stroke in the past 6-12 months that did not receive a post stroke image or 
there is no record of an image IF there is an abnormal change in the NIH scale; 

 
 Invasive Studies 

 
26) All candidates should have screening thoracic and abdominal aortograms or 

thoracic and abdominal CT angiograms with complete visualization of both iliacs 
and femorals to the aorta.  In the situation where patients have compromised renal 
function that precludes contrast media, MR imaging may be used as an alternative; 
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27) All candidates should have left and right heart catheterization to assess the 
severity of aortic stenosis and severity of coronary artery disease if applicable; 

 
5.8  Procedure Assessments 

The following data are to be collected pre and post implant: 

28) Aortic systolic/diastolic pressure, Mean aortic pressure, Mean AV gradient, Peak 
AV gradient; 

29) Simultaneous Aortic and LV pressure measurements for valve area calculation; 
30) RA pressure, PA systolic/diastolic pressure, Mean PA pressure, PCWP pressure, 

Cardiac output and Cardiac index; 
31)   A supra-aortic angiogram for valve performance and coronary patency. 
 
5.9  Device Preparation 

A detailed description of device preparation and required equipment is supplied in the 
Instructions for Use, Appendix I. 
 
5.10 Procedure Notes 

Patients who are randomized to Cohort A (control arm) will be implanted with a 
commercially available Carpentier-Edwards® pericardial aortic bioprosthesis. In the 
event a Carpentier-Edwards® pericardial aortic bioprosthesis cannot be implanted (e.g., 
annulus diameter is too small for C-E valve), an alternative bioprosthetic valve will be 
used. 
 
5.10.1  Arteriotomy for Retrograde Approach  
A consultation with a cardiovascular or vascular surgeon is required for the 
determination of the appropriateness of the femoral artery access for the procedure as 
well as arteriotomy creation and closure. 

5.10.2  Recommended Antiplatelet/Anticoagulation Regimen 

At the Investigator’s discretion, it is recommended that all patients receive aspirin (75-
100 mg daily) and clopidogrel (300 mg loading dose if patient is not currently taking 
clopidogrel, and then 75 mg. daily) prior to procedure. Ticlopidine may be used instead 
of clopidogrel at the Investigator’s discretion.  The ACT should be monitored and 
recorded on source documentation during the procedure and adjusted to keep the 
patient’s ACT>250 sec.  The sheaths may be removed when ACTs reach <150 sec after 
implantation of the study valve (for non-surgical closure). 
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Table 5. Summary of Recommended Concomitant Medical Therapy 
Medication Pre-

Procedure
During 

Catheterization 
Post-

Procedure 
30 -
Day 

Follow-
up 

6-M 
Follow-

up 

IV Heparin PRN 5000 IU Bolus, 
then as needed 

to 
achieve/maintain 

ACT>250 sec. 

   

Aspirin 75-100 
mg QD 

 75-100 
mg QD 

75-100 
mg QD 

75-100 
mg QD 
for life 

Clopidogrel* 
 
 

300 mg 
po  

(if not on 
long-term 
therapy)  

75 mg po QD 
 

75 mg po 
QD 

75 mg 
po QD 
for 6 

Months

 

* Ticlopidine may be used instead of clopidogrel at the Investigator’s discretion. 
 
5.10.3  Antibiotic Prophylaxis 

It is recommended that all heart valve recipients be prophylactically treated for 
endocarditis per the recommendations of the American Heart Association [51].   

5.10.4  Contrast Media 

Careful management of contrast media is required for these patients.  Accurate 
measurement of the dye used will be captured in the case report form. 

5.10.5  Radiation Skin Dose Calculation

A skin dose dosimeter will be placed at the area of the thyroid in patients.  In the event a 
dosimeter is not available, the site will use the amount of radiation exposure measured 
during the procedure and document the exposure in the operative or procedure report. 
Data on total radiation exposure, as well as total procedural fluoroscopy time will be 
collected on the case report forms. 

5.11 Post-Procedure 

Subjects will be continuously monitored clinically, hemodynamically, and 
electrocardiographically during catheterization for all local and systemic side-effects.  
After completion of the procedure, all subjects will be monitored in the catheterization 
laboratory or operating room for at least 15 minutes with special attention to 
hemodynamic condition and cardiac rhythm.  

Subsequent monitoring will be continued in the ICU.  On day 1 (up to 36 hours  post 
procedure), a chest x-ray will be taken to define the patient’s initial valve implantation 
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position and blood draws will be performed to monitor the patient’s cardiac enzymes.  
See Table 6, Subject Schedule of Events. 
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5.11.1  Follow-up Procedures  

Follow-up procedures will be conducted at the intervals specified in Table 6.  Blood 
draws will be performed at the specified intervals and according to hospital standard 
or medication regimen.  Patients will be informed that some of the data that is 
collected at scheduled follow-ups as well as at unscheduled visits, including the 
echocardiogram, ECG and the Quality of Life questionnaires, will be sent to the 
respective independent core lab for analysis. 

The determination of the specified study endpoints such as survival, valve function 
and combined clinical events, will require rigorous clinical follow-up and quality data 
collection.  After patient discharge, the clinical research coordinator will contact the 
patient or the patient’s private physician by telephone for general symptomatic 
screening and scheduling of follow-up contacts.  Planned long absences from the 
area should be recorded to facilitate continued ability to contact a study subject.  If a 
patient cannot be reached for a follow-up visit, the investigator will document on the 
follow-up data form the efforts undertaken to contact the patient, referring physicians, 
including internists as well as cardiologists, family members, or other alternate 
contacts noted in the subject’s records.  These efforts should include 3 attempts of 
telephone contacts at separate dates and times, and a registered letter. If the patient 
cannot be reached in any way for their follow-up visits and misses the scheduled 
visit, new efforts will be undertaken to locate them at subsequent follow-up visits.  In 
the event that the patient’s implanted valve is explanted, the patient needs to be 
continued to be followed for the duration of the study. 

Follow-up visit intervals are as follows:  30 (±7) days, 6 months (180 days ±14 days), 
12 months (365 days ±30 days), and annually (anniversary date ± 45 days) for a 
minimum of 5 years.  At 30-days, 6 and 12 months, the following examinations will 
be conducted: Physical Exam, CCS Angina, NYHA Class, Current Medications, 
Event Assessment, the NIHSS, 6-minute walk test (if eligible), CBC with differential, 
Complete Metabolic Panel (at 6 and 12 months), B-type natriuretic peptide (BNP), 
PTT or PT/INR if applicable, Plasma Free Hemoglobin & Haptaglobin, ECG, Chest 
XRay, Echocardiogram, The Kansas City Cardiomyopathy Assessment, EuroQOL 
and SF-12. Annual follow-up visits for up to five years thereafter will include Physical 
Exam, CCS Angina, NYHA Class, Current Medications, Event Assessment, the 
NIHSS and echocardiogram. Patients in the control arms will be followed annually for 
a minimum of five years, patients in the treatment arms will be followed through their 
lifetime via phone interviews. 

o The timing of the 30-day visit starts at the date of procedure.  If the 
procedure never occurs for a patient, then the 30-day visit will never 
occur for that patient.  

 
For 6-month and later visits, the time period starts at the time of enrollment which is 
defined as the date the Procedure Informed Consent is signed.  

At one year (365 days – 395 days) past enrollment of the last patient, an additional 
telephone follow-up will be performed for all patients for the purposes of determining 
patient survival and hospitalization post last follow-up only. The reason for this 
additional follow-up is that the exact one year survival information is needed for 
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evaluating the Cohort A primary endpoint, and the latest possible survival information 
is needed for evaluating the Cohort B primary endpoint.  

5.12 Assurance of thorough follow-up  

The clinical research coordinator and principal investigators will instruct patients and 
families about the importance of follow-ups (in all patient cohorts) prior to consent 
and enrollment in the trial. Additionally, the site coordinators will contact the patients 
after discharge to ensure timely scheduling of follow-up visits and tests. Both cohorts 
(A and B) and treatment arms (test and control) patients will receive the same 
earnest instruction and efforts to obtain appropriate follow-up. Particularly, 
documented measures will be taken to ensure and track that the medical therapy 
group (both test and control ) has the same number of contacts with the medical 
personnel as do the Cohort A patients (both test and control)  at least over the 
course of the first year. 

5.13 Modifications to capture additional long term data   

At the request of the FDA, some additional long term data collection and analysis 
has been specified. These additions consist of two parts:  

� Additional analysis of echo data for the purpose of studying 
durability. No new data collection is needed for this purpose. 

� Collection and analysis of QOL data at the 2 through 5 year 
visits, for the purpose of studying long term performance of 
patients.  

The specifications in this paragraph are intended to modify all related paragraphs 
throughout the protocol. Text in the specific sections has not been changed. The 
additional data collection and analysis applies to all patients in the trial; specifically to 
both cohorts and all trial arms. 

Informed Consent:  

The informed consent will be changed to specify collection of QOL data at the 2 
through 5 year visits (SF-12, Kansas City Cardiomyopathy Questionnaire 
[KCCQ], EuorQOL [EQ5D]).  This consent will be requested at the time of the 
patient’s next annual visit. It should be noted that patients are under no obligation 
to agree to this additional data collection. Records will be kept of patients who do 
and do not consent to the additional collection. 

QOL analysis 

The SF-12, KCCQ, and EQ5D forms will be evaluated at the 2 through 5 year 
visits. The collection will be purely prospective for all patients.  

The SF-12, KCCQ, and EQ5D summary scores will be computed separately, and 
compared to the respective baseline values and to published age group norms 
for the general population. Additionally for SF-12, values for age 75+ are given in 
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the SF-12 manual, separate by gender; the available data contain sufficient 
statistics for analysis by a t-test. If, at the time of the analysis, values for older 
populations can be found in published literature, comparisons will be performed 
using those values also.  

These analyses will be performed separately at the 2 through 5 year visits, using 
observed data only.  

Echo analysis 

In addition to analyses already specified, a regression model will be developed to 
study the progression of valve area, mean gradient, peak gradient, and aortic 
regurgitation over time.  For this purpose a linear model will be fit to actual data 
only, beginning with the 30-day visit. There will be a separate intercept for each 
patient. Additional non-linear terms will be added when justified statistically.  

Further notes 

There are no feasibility data for either of these analyses, and accordingly formal 
hypotheses have not been given.   

Based on current data, it is anticipated that between 10% - 30% of TAVR 
patients will be alive at the 5 year visit, and that virtually no cohort B non-TAVR 
patients will be alive.   
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6 Endpoint Data Collection 
 

6.1  ECG 

All ECGs will be sent to the ECG Core Lab (see Appendix D) for independent 
analysis of rhythm and occurrence of myocardial infarction.  Data from the evaluation 
of the ECG will be transferred to the database management center for integration 
into the database and used in the adjudication of MI events. 

6.2  Echocardiography 

The pre-procedure transthoracic or transesophageal echocardiograms (TTE or TEE) 
will be performed to assess risk factors and eligibility.  Post procedure TTE will be 
performed at the intervals specified in Table 6.  If post procedure TTE is not 
adequate, TEE will also be performed.  All echocardiograms will be independently 
analyzed by the Echocardiographic Core Lab (see Appendix D).  The aortic valve 
effective orifice area (EOA) that will be used to assess the AVA effectiveness 
endpoint will be the aortic valve EOA after valvuloplasty, after final valve deployment, 
and at follow-up time-points calculated from echocardiographic data using the 
continuity equation, and the AVA calculated from cardiac catheterization data using 
the Gorlin formula will be used only to calculate an estimated AVA at baseline, after 
valvuloplasty and after final valve deployment at the time of the study valve implant. 

6.3  Economics and Quality of Life Sub-Study 

Costs directly related to the procedure as well as costs for 6 months and I year after 
procedure will be collected beginning with each patient's index hospitalization and 
continuing through any subsequent hospitalizations during the follow-up period.  
Quality of life will also be measured through standard survey(s).  The protocol 
describing this plan and the analysis to be used is located in Appendix E. Efforts to 
minimize bias in the scheduling and administration of the QOL questionnaire will be 
taken such as ensuring all patients regardless of cohort assignment or randomization 
arm are approached and instructed similarly. 

6.4  Six Minute Walk Test 

A six minute walk test per the American Thoracic Society Guidelines (2002) 
(Appendix J), will be performed unless the patient is exempt due to any of the 
following conditions: (postural hypotension, postural arrhythmia, resting systolic 
pressure less than 95mmHg, non-ambulatory due to arthritis, neuromuscular disease 
or PVD, COPD with O2 desaturation upon ambulation or oxygen dependent, unstable 
angina) will not undergo the test, but the reasons for not performing the test must be 
completed on the six minute walk test case report form. Efforts to minimize bias in 
the scheduling and administration of the 6MWT will be taken such as ensuring all 
patients regardless of cohort assignment or randomization arm are approached and 
instructed similarly. 

6.5  Clinical Follow-up 

The clinical follow-up will include capturing of all adverse events.  These events must 

066



The PARTNER-US IDE Trial Edwards Lifesciences 
with Continued Access and Post-Approval Study 

 

Version 5.0 November 2011 CONFIDENTIAL Page 67 
 

be documented using the case report forms provided by the database management 
center.  

6.6  Histopathology Studies 

Histopathology studies of explanted valves, including those removed during AVR 
surgery will be performed.  Explants will be appropriately prepared and preserved 
and sent to the independent histopathology laboratory for macroscopic and 
microscopic analysis (according to FDA Heart Valve Guidance on Explant Analysis).  
Only those investigational valves that are removed during the THV procedure will be 
returned to the Sponsor for evaluation.  Appendix F contains a complete explant 
protocol which includes detailed procedures for the histopathology studies.  

Gross pathological examination of the entire valve and the support structure (i.e. and 
shape, if occurrence of intravascular trauma, tissue abrasion, uniformity of the frame, 
position the natural valve cusps) will be assessed. 

The valves are to be assessed for cusp excursion and the presence of leaflet 
fenestrations, rigidity tears, hematoma, thrombi and calcified nodules, cell 
proliferation tissue overgrowth, fibrous sheath, and local inflammatory reaction.  (One 
half of each leaflet must be used for the quantitative determination of inorganic 
calcium and phosphate). 
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7 Statistical Analysis 
 

7.1  Visit Windows 

Various data will be collected at specific follow-up times post-procedure and will be 
assigned to visit windows according to the limits defined in Section 5.12.1 of the 
protocol. 

In analysis of time-dependent variables, one year will be defined as 365.25 days, 
and one month as 30.4375 (= 365.25/12) days. 

7.2  Patient groups 

7.2.1 Trial cohorts 

As defined above in this protocol, there are two trial cohorts, Cohort A “high risk 
surgery” patients and Cohort B “excessive risk for surgery (non-surgical)” patients.  
Patients are assigned to one of these cohorts before randomization.  Unless 
otherwise specified, the two cohorts will not be pooled for analyses.   

All analyses for Cohort A will be presented for the combined transapical/transfemoral 
approaches, and for the approaches separately.  Analyses will also compare the two 
approaches wherever statistically meaningful.  

Continued Access:  Cohort B. 

The continued access subjects will be analyzed separately from the PMA cohort and, 
if requested, a pooled analysis will be performed. 

The Continued Access cohort is not powered, and there will be no formal statistical 
comparisons of Test vs. Control in the continued access cohort analysis. 

Continued Access:  Non-Randomized Access for Both Cohorts 

When non-randomized continued access is approved the enrolled patients will be 
analyzed as a separate group.  They will not be pooled with either the randomized 
continued access cohort B patients, or with the randomized PMA cohorts. 

7.2.2 Trial arms 

Test arm: 

Patients randomized to the Test arm will receive the valve implant using the 
transfemoral or transapical approach in the high risk surgery cohort, and the 
transfemoral approach in the non-surgical cohort. 
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Control arm:

Patients randomized to the Control arm in the high risk surgery cohort will undergo 
surgical AVR. Patients randomized to the Control arm in the non-surgical cohort will 
receive best medical therapy. 

7.2.3 Analysis populations 

Intent to treat (ITT) population:

Intent to treat (ITT) will be defined at the moment the randomization is performed.  
For the primary endpoint analysis in this trial, patients will be followed with their ITT 
arm.  In analyses referring to a specific number of days, the randomization day will 
be considered day 0.   
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As-treated population:   

This population is based on the treatment actually received. This population will be 
used for the adverse event analyses. 

Test arm – Cohort A:  

This population consists of the Cohort A patients randomized to the Test arm 
for whom the study valve implant procedure is begun, and the day of implant 
is considered day 0 for these patients.  The definition of “procedure is begun” 
is “the time the study catheter is placed in the patient in the catheterization 
laboratory.” 

If a Test patient in Cohort A is assigned to the transfemoral approach, and it 
is determined during further access evaluation that the transapical approach 
is needed, that patient will be considered a transapical patient for as treated 
analyses of implant subgroups. This will not impact the combined Cohort A 
analysis. 

Test arm –Cohort B:  

This population consists of the Cohort B patients randomized to the Test arm 
for which the study valve implant procedure is begun, and the day of implant 
is considered day 0 for these patients. The definition of “procedure is begun” 
is “the time the study catheter is placed in the patient in the catheterization 
laboratory.”

Control arm – Cohort A: 

This population consists of the Cohort A patients randomized to the Control 
arm for whom the valve implant procedure is begun, together with Cohort A 
patients randomized to the Test arm who receive an open aortic valve 
replacement instead of the Test valve. The day of implant is considered day 0 
for these patients. The definition of “procedure is begun” is “the induction of 
general anesthesia for the open operation.” 

Control arm – Cohort B: 

This population consists of two groups: 

o The Cohort B patients randomized to the Control arm.  

o Other Cohort B patients who did not receive a valve implant. 

Not included: 

A Cohort A patient who does not receive either the test valve or an open aortic 
valve replacement will not be included in the as-treated analysis. If there are any 
such patients, a separate report will be made of their adverse experience.  
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Valve implant population 

The valve implant population will be defined as the subset of the as treated 
population consisting of those patients (Test or Control) for whom the valve is 
implanted and remains in position.     

Crossovers: 

Trial analysis does not allow for crossover from one assignment group to another.  
However, it is inevitable that some patients will not receive the randomized 
treatment, generally for sound medical reasons. Such situations do not impact the 
ITT analysis. 

The as-treated population will reflect the treatment actually received.    

7.2.4 Analysis close date 

The analysis close date for Cohort A is at the completion of one-year follow-up on 
the cohort.  The primary endpoint is based on the exact one-year time point for each 
patient, and event.  For other analyses all available data will be used.  

The analysis close date for Cohort B is the later of two dates: 

o The completion of one-year follow-up on the cohort.  

o A total of 150 deaths in the combined trial arms. 

The reason for the second criterion is in order to preserve power in case the actual 
enrollment deviates from the feasibility assumptions. This additional criterion does 
not in any manner depend on endpoint evaluation, and accordingly, no alpha 
correction is appropriate. 
 
7.3  Primary and Secondary Endpoints 

7.3.1 Primary Endpoint (effectiveness and safety) 

The primary effectiveness and safety endpoint for Cohort A is freedom from all cause 
mortality at exactly day 365, analyzed in the ITT population.  

The test will be performed as a one-sided non-inferiority test, using the non-inferiority 
margin � = 0.075.  The acceptance criterion for the test is that the freedom from 
death in the Test arm be not inferior to the freedom from death in the Control arm.  
Covariates will not be included in analysis of the primary endpoint. 

The methodology for performing this non-inferiority test is described in section 7.7.1. 
Non-inferiority Testing. 

The primary effectiveness and safety endpoint for Cohort B is freedom from all cause 
mortality over the duration of the trial.  The trial arms will be compared using the log-
rank test, as a two-sided test. The acceptance criterion for the test is that the 
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freedom from death in the Test arm be significantly higher than the freedom from 
death in the Control arm.  For the purpose of this analysis, the latest available data 
will be used for each patient. These data will cover a period longer than one year for 
many patients in the trial, and the sample size has been based on including all such 
data.   

Co-primary endpoint for Cohort B (ITT population). 
 
The powered co-primary endpoint for Cohort B is based on a combination of the all 
cause mortality and  time to first recurrent hospitalization using the method of 
Finklestein and Schoenfeld [52]. More specifically, for each pair of patients (call them 
patients i and j), we define a score uij in the following manner: 
 
(1) If patient i is known to have lived longer than patient j, then uij = 1 (if patient j is 
known to have lived longer, then uij = -1).  This determination would happen if death 
dates are available for both patients, or if one patient was censored at a later time 
than the death time for the other. 
 
(2) Time to first recurrent hospitalization: If it is not known which patient has lived 
longer, then compare the time to first recurrent hospitalization using the same 
methodology as for survival.  If patient i is known to have a longer time to first 
rehospitalization than patient j, then uij = 1; (if patient j known to have a longer time, 
then uij = -1).  

 
In all cases, uij =  -uji.     
 
Note that the score looks first for a difference in survival.  If there is no difference in 
survival, then the score looks for improvement in the time to first hospitalization.  The 
final test statistic is based on the sum of the scores for patients in the treatment 
group.  If we let Di = 1 for patients in the test group and let Di = 0 for patients in the 
control group, we define the statistic using the score described above: 

�
�

�
n

i
ii DUT

1
 

where �

�

ji iji uU .Values for T greater than zero indicate superiority of the test 

arm as the mean of the test statistic is 0 under the null hypothesis of no difference 
between treatment and control).  Finkelstein and Schoenfeld [52] derive the variance 
for this statistic: 

� �
� � ���
�

�
n

i
i

TT U
nn

nnnV
1

2

1
 

where nT is the number of patients in the test arm.  Superiority of the test group may 
be tested by comparing T/V1/2 to the upper 97.5th percentile of the standard normal 
distribution.
 
In order to control the type I error at the 0.05-level for the two co-primary endpoints 
for Cohort B, the two co-primary endpoints will be analyzed via the method of 
Hochberg. 
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The study will be deemed a success for each cohort if the primary endpoint for 
Cohort A is met or if either of the co-primary endpoints for Cohort B is met.  It is 
acknowledged that reviewing agencies will also consider the secondary endpoints in 
making product approval decisions.  

7.3.1a Interaction analysis 

In order to analyze interaction, a logistic regression model will be fit for death at one 
year. The model will include an intercept term, an approach term, a trial arm term, 
and an approach*trial arm interaction term. 

If the interaction term is not statistically significant, the approaches will be deemed 
poolable for purposes of the primary analysis. Statistical significance will be judged 
at alpha = 0.10, using the Wald statistic3. 

If the interaction term is statistically significant, Edwards accepts that reviewers may 
place additional reliance on the subgroup analyses. Since the trial is powered for the 
combined analysis, Edwards also accepts that in analyzing the subgroups reviewers 
may place additional reliance on the various secondary analyses.  

Even though this protocol calls for a special telephone follow-up for purposes of one-
year survival analysis, it is realistic that there will be some patients lost to follow-up. 
For endpoint analysis purposes these patients are handled by Kaplan-Meier. But 
there is no direct way to include these patients in the logistic analysis.  

Instead all lost patients will be excluded from the interaction analysis. The Rita 3 
paper also points out that including the log time term made negligible difference to 
the results.  

As an additional analysis of the interaction term a multiple imputation will be 
presented. 

7.3.1b Additional analysis of primary endpoints 

At the request of the FDA, an additional analysis of the primary endpoint for cohort A 
will be presented using the As Treated populations. Similarly, an additional analysis 
of each of the coprimary endpoints for cohort B will be presented using the As 
Treated populations.   Since these additional analyses were requested by the FDA, 
there will be no multiplicity adjustments associated with them. 

7.3.2 Secondary endpoints

The secondary endpoints listed in this section will be evaluated in the ITT population, 
or the as treated population, whichever is appropriate for the endpoint.  For clarity 
each endpoint will contain a statement as to the population used.  
 

                                                 
3 The sponsor believes that the normal statistical standard of alpha = 0.05 is the most appropriate. The larger value has 
been included at the request of the FDA. 
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1.  As a secondary analysis, the primary endpoint for Cohort A will be analyzed 
separately in the two approaches. Per trial design, this analysis does not have 
the same power as for the primary analysis in the combined approaches. 
Interaction will not be an issue in this analysis.  
 
In addition, all analyses for Cohort A will be performed in the combined group, 
and in the separate approach subgroups. 
 
2.  Improved functional status per NYHA (Classification) at 30 days, 6 and 12 
months, in the ITT population.   

For both Cohorts A and B the percentage of patients in each NYHA classification 
at each time point will be reported by trial arm.  

To test for a difference in NYHA between one year and baseline, NYHA will be 
treated as a continuous variable and the paired sample t-test will be used. As an 
additional analysis, the difference between baseline and one year will be tested 
using the Wilcoxon signed rank test. 
 
To compare the trial arms in cohort A the two-sample t-test will be used. This test 
will be a non-inferiority test as described in Section 7.3.3. The validity of treating 
NYHA in this manner is demonstrated by Heeren and D’Agostino, Robustness of 
the two independent samples t-test when applied to ordinal scaled data, 
Statistics in Medicine, vol 6, 1987, pages 79-90.  We note that the reference 
showed the validity of the t-test in samples as small as 20; in this trial it is 
anticipated that there will be approximately 500 one-year NYHA values for 
comparison. 
 
The analysis for this endpoint in cohort A will be based on complete case data.   
However, multiple imputation and a worst rank analysis will also be presented as 
sensitivity analyses.   
 
To test the difference in NYHA between trial arms in Cohort B, the method of 
Lachin (1999) will be used. This method proposes that all patients with one-year 
NYHA data available be ranked according to NYHA, while patients that expire 
before one year are ranked in order of time of death below all patients that 
survive to one year. The difference in stochastic ordering between the trial arms 
can then be tested via a Wilcoxon signed-rank test. A key feature of this 
approach is that all patients that expire before one year receive a lower rank than 
patients that survive to one year. This methodology addresses the fact that a 
sizeable proportion of patients are expected to expire before reaching the one 
year visit, and the missing NYHA classifications for these expired patients cannot 
be considered missing at random (i.e. these observations are informatively 
missing) unless it is assumed that survival is entirely unrelated to NYHA 
classification.  As NYHA is a measure of heart disease severity, this assumption 
is tantamount to supposing that the reason the one year NYHA classifications are 
missing (death) is unrelated to a decline in heart function patients expiring prior 
to one year. As this trial involves only patients with advanced heart disease, this 
assumption is not tenable. The method proposed is therefore thought to be more 
appropriate than the complete case and multiple imputation analyses as both 
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these analyses require the assumption that all missing observations are missing 
at random, including those observations missing due to patient expiration. 

 
To address the possibility of missing NYHA at one year for patients that are not 
known to be deceased, we propose an approach presented in McMahon and 
Harrell (2001).  Under this approach, patients that are not known to be deceased 
but with missing NYHA at one year will be ranked above all deceased patients 
and tied with all surviving patients. McMahon and Harrell (2001) point out that 
this method is appropriate under the assumption that observations that are 
missing for reasons other than death are missing at random.  As a sensitivity 
analysis, a second approach proposed by McMahon and Harrell (2001) will be 
presented which is appropriate when such observations are missing for reasons 
associated with disease progression (see Section 7.7.7 for details).   

Additional quantitative assessment of functional status will be captured in the 
QOL surveys at 30 days, 6 and 12 months. 

3.  Freedom from MACCE and expanded safety composite events at 30 Days, 6 
and 12 months, in the as treated population. 

The Kaplan-Meier methodology described in section 7.7.1 will be used to 
compare freedom from MACCE and expanded safety composite events across 
trial arms at 30 days, 6 and 12 months. 

 4.  Evidence of prosthetic valve dysfunction, in the as treated population. 

The components of this endpoint are adverse events, and the analysis specified 
for adverse events will be used. 

 5.  Length of index hospital stay, in the ITT population. 

Length of index hospital stay will be compared between ITT trial arms in Cohort 
A.  It is anticipated that this variable will be heavily right skewed, and the 
Wilcoxon rank sum test will be used.  

 6.  Total first year hospital days, in the ITT population.  

Total hospital days from randomization to one year post randomization will be 
compared between trial arms in both cohorts to test for non-inferiority between 
the two arms. It is anticipated that this variable will be heavily right skewed, and a 
bootstrap test as described in Efron and Tibshirani  (Efron E and Tibshirani R.J. 
An Introduction to the Bootstrap.  Chapman & Hall/CRC 1998) will be used to 
compare the trial arms. Specifically, the null and alternative hypotheses shall be: 

H0: mT – mC � 10 

HA: mT – mC < 10 
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where mT is the median total hospital days from randomization to one year post 
randomization in the treatment group and mC is the median total hospital days 
from randomization to one year post randomization in the control group.   

Let xT(b) and xC(b) be the bth bootstrap samples taken with replacement from the 
one year total hospitalization data for treatment and control, respectively, and let 
mT(b) and mC(b) be the medians of these two respective samples.  The 
computed bootstrap p-value then is: 

� � � �� ��
�
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B
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10
 

where B is the total number of bootstrap samples and I is an indicator function 
such that I = 1 if � � � � 10���� CTCT mmbmbm and I = 0 otherwise.  For the 
purposes of this test, B shall be 10,000.   

For Cohort B, the analysis will be performed as for Cohort A.  However, the null 
and alternative hypotheses shall be: 

H0: mT – mC = 0 

HA: mT – mC �0 

where mT and mC are as above.  This, therefore, is a superiority test. 

 

� It is critical that the median be used in the bootstrap instead of the mean. The 
reason is that it can be anticipated that the data will be right skewed, due to 
some prolonged hospitalization periods that may well be unrelated to the 
device or to the implant procedure. 

� Measuring from the randomization date will ensure a common time interval 
for all patients, which will simplify the interpretation of the statistical results. If 
the patient is already hospitalized for the index procedure on the 
randomization date, then starting on the randomization date and starting at 
the beginning of the index procedure hospitalization will be the same.  

� Valve implantation can be delayed for some patients, for various medical 
reasons.  If one were to measure this endpoint from the index procedure two 
statistical problems would result. First, there would be no way to account for 
the time period before the index hospitalization, which might include other 
hospitalizations. (The patient might even die before the index hospitalization.) 
Second, starting the clock later than randomization would extend the 
evaluation period past 1 year, and appropriate follow-up data would not be 
available until the patient returned for the 2 year visit. 

 7.  Improved QOL, in the ITT population. 

076



The PARTNER-US IDE Trial Edwards Lifesciences 
with Continued Access and Post-Approval Study 

 

Version 5.0 November 2011 CONFIDENTIAL Page 77 
 

The quality of life (QOL) instruments will be analyzed using the scoring 
algorithms distributed by the vendors of the instruments.   

For each Test, patient the 30 Day, 6 and 12 month QOL will be compared 
against the preoperative QOL.  The acceptance criterion is that the 30 Day and 6 
and 12-month QOL be improved from baseline. For this purpose QOL will be 
treated as a continuous variable and the paired sample t-test will be used.  

The Post-Approval Study (Part 1) will include analyses at the 2 through 5 year 
visits, using observed data only.  

QOL will also be compared across trial arms via a regression model adjusted for 
patient baseline QOL.  This model will account for repeated measures via an 
unstructured covariance matrix.  The difference between arms will be tested 
statistically using a test of the appropriate model coefficients. 

 8.  Effective orifice area (EOA) at 30 days, 6 and 12 months, in the as treated 
population. If the implanted valve is explanted, patients will not be evaluated at 
time points after the explant.  

For each Test patient in Cohort A the follow-up EOA will be compared against 
the preoperative EOA.  For this purpose the paired sample t-test will be used. An 
additional analysis will be to compare the proportion of patients who experience a 
50% or greater increase in EOA. A further analysis will consider as a success a 
patient who either achieves an EOA increase of 100%, or who reaches an EOA 
of > 1.5 cm2; the proportion of successes will be compared between trial groups. 
In both analyses, only complete case data will be used. 

EOA will be compared across trial arms via a regression model adjusted for 
patient baseline EOA.  This model will account for repeated measures via an 
unstructured covariance matrix.  The difference between arms will tested be 
statistically using a test of the appropriate model coefficients. 

A still further analysis will consider as a success a patient who reaches one of 
the EOA targets described below, based on native annulus size as evaluated by 
the preimplant echo. For an annulus size <= 21 mm, the target would be an EOA 
of 1.0 cm2. For an annulus size > 21 mm, the target would be 1.4 cm2. This would 
allow for comparison against the recently approved St. Jude Medical Biocor® 
Valve, where more than half of the patients reached these targets, based on St. 
Jude Medical Biocor® Valve labeling.  
 

 9.  Six Minute walk.   

For each Test patient the six minute walk distance will be compared against 
baseline at the specified follow-up times. Based on text in the official statement of 
the American Thoracic Society [53], an improvement of 70 meters will be taken to 
be clinically significant.  Thus, for the purposes of the six minute walk test 
(6MWT) responder analysis, patients that improve by more than 70 meters will 
be considered responsive.  The proportion of patients who achieve clinical 
improvement (i.e. improvement of 70 meters) at each time point will be computed 
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and reported for each cohort and each trial arm.  Patients that expire prior to the 
given follow-up time will be considered as not improved (i.e. they will be included 
in the denominator when computing the proportion of patients that achieve 
clinical improvement).  Patients that are unable to perform the 6MWT will be 
considered as not improved.  Patients with missing 6MWT for reasons other than 
death and inability to perform the test will be excluded from the analysis. 

The difference in 6MWT between the two trial arms in Cohort A will be compared 
via a t-test.  The specific null and alternative hypotheses are: 

70:0 �� TC xxH  

70: �� TCA xxH  

where Cx and Tx are the mean 6MWT for the control and treatment groups, 
respectively.  This analysis will be based on those patients with available one 
year 6MWT data.  A worst-rank and a multiple imputation analysis will also be 
performed. 

For Cohort B, the six minute walk distance at one year will be compared across 
trial arms via the method of Lachin (1999).  This method proposes that all 
patients with 6MWT data available at a given time point be ranked according to 
6MWT, while patients that expire before one year are ranked in order of time of 
death below all patients that survive to one year.  The difference in stochastic 
ordering between the trial arms at each point can then be tested via a Wilcoxon 
test.  More specifically, the null and alternative hypotheses for a given follow up 
time T are: 
 

H0: GC(x) = GT(x) and KC(t) = KT(t) for t � T 
HA: GC(x) < GT(x) and KC(t) � KT(t) for t � T 

or 
 GC(x) � GT(x) and KC(t) < KT(t) for t � T. 

 
GC(x) and GT(x) denote the distribution of 6MWT for patients surviving to time T 
in the control and test groups, respectively.  KC(t) and KT(t) denote the distribution 
of survival times for the control and test arms, respectively.  Lachin (1999) also 
presents a multivariate test that investigates the overall difference between the 
trial arms over all time points.   
 
The Lachin (1999) methodology addresses the fact that a sizeable proportion of 
patients are expected to expire before reaching all follow up visits and the 
missing 6MWT for these expired patients cannot be considered missing at 
random (i.e. these observations are informatively missing).  To account for 
patients with missing 6MWT at one year for reasons other than death, we 
propose an approach presented in McMahon and Harrell (2001).  Under this 
approach, these patients will be ranked above all deceased patients and tied with 
all surviving patients. McMahon and Harrell (2001) note that this method is 
appropriate under the assumption that observations that are missing for reasons 
other than death are missing at random.  As a sensitivity analysis, a second 
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approach proposed by McMahon and Harrell (2001) will be presented which is 
appropriate when such observations are missing for reasons associated with 
disease progression (see Section 7.7.7 for details). 

For the purposes of a complete case analysis, the difference in 6MWT between 
the two trial arms in Cohort B will be also compared via a t-test.  The specific null 
and alternative hypotheses are: 

0:0 �� TC xxH  

0: 
� TCA xxH  

where Cx and Tx are the mean 6MWT for the control and treatment groups, 
respectively.  This analysis will be based on those patients with available one 
year 6MWT data.  A worst-rank and a multiple imputation analysis will also be 
performed. 

 

7.3.3   Multiplicity Adjustment 

The protocol contains a large number of secondary endpoints and additional 
analysis. The trial sponsor acknowledges that all of these analyses may be 
considered by reviewing agencies as part of the product approval evaluation. The 
multiplicity discussions in this section refer to the specific secondary endpoints 
identified by the trial sponsor as most important for labeling. 
 
Multiplicity adjustment will apply to a specific list of secondary endpoints within each 
cohort, and separately to the co-primary endpoints for cohort B. Only the p-values of 
these secondary comparisons will be considered for labeling claims.  
 
For these specified secondary endpoints, the data analysis will be done using 
Hochberg’s procedure, as implemented in SAS PROC MULTEST. Hochberg’s 
method is described in the online documentation furnished with SAS, version 9 [54].   
  
The rationale for using Hochberg’s method is because the secondary endpoints are 
expected to all work in the same direction. Schulz and Grimes [55] give examples 
where use of other methods would lead to scientifically invalid conclusions in such a 
situation; Hochberg’s method avoids most of these anomalies.  This methodology 
was used in the MIRACLE trial [56], and is described in the FDA approved labeling 
for the InSync® ICD [57]. 
 
In order to describe the specific methodology of the Hochberg method, suppose that 
there are n secondary endpoints being considered.  

o If all the endpoints meet statistical significance at the 0.05 level, than all are 
considered to have passed the multiple comparisons test.  The steps 
described below would not be taken. 

o Otherwise 
o The endpoint with the highest p-value is removed from consideration.  
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o If all the remaining n – 1 endpoints meet statistical significance at the 
more strict level of 0.05/2 level, then all these n – 1 endpoints are 
considered to have passed the multiple comparisons test. 

o Otherwise 
o The endpoint with the highest p-value is removed from consideration 
o The evaluation is repeated as above, now using 0.05/3. 

o If necessary the process repeats. The very last endpoint would be evaluated 
at the significance level 0.05/n. 

 
The chosen endpoints for both cohorts are: 
 
1. MACCE at 1 year, compared between trial arms. 
2. Total hospital days through 1year, compared between trial arms. 
3. NYHA at 1 year compared between trial arms. 
4. 6MWT at 1 year, compared between trial arms. 
 
The Cohort A analysis will be performed in the combined approaches.  The tests for 
Cohort A will be for non-inferiority between test and control arms.  The tests for 
Cohort B will be superiority of the test arm over the control arm. 
The reason for the difference in analysis methods is that the Cohort A control 
patients are receiving an FDA approved valve replacement. There is no anticipation 
of a difference in performance between the two valves, other than the lower early 
death rate in the Test group.   
 

The methods for testing each of these endpoints are described in Section 7.3.2.   

As requested by the FDA, a formal hypothesis test formulation of each of these 
specific endpoints is given below. The actual p-value used to determine statistical 
significance for each test is determined by Hochberg method, as described above. 

It should be noted that the analyses described below are for the specific purpose of 
analyzing the endpoints for labeling in accordance with the Hochberg procedure. 
Other analyses to be performed, including other imputations, are described 
elsewhere in this protocol. 

Cohort A 

 

MACCE:  

H0: MACCETest - MACCEControl � �. 

H1: MACCETest - MACCEControl < �. 

A one-sided non-inferiority test, using the non-inferiority margin � = 0.075 will 
be performed to compare the as treated trial arms in each cohort.  The 
Kaplan-Meier methodology described in section 7.7.1 will be used.  

 

 Hospital days to one year:  

H0: Median test arm hospital days - median control arm hospital days � 10. 
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H1: Median test arm hospital days - median control arm hospital days <10. 

The test will be evaluated as a one-tailed test of non-inferiority, using a 
bootstrap test. Only time points through one year will be considered in this 
analysis. The actual number of hospital days will be used for patients who die 
before one year. 

 

NYHA:  

H0: NYHATest - NYHAControl � �. 
H1: NYHATest - NYHAControl < �. 

This test will be performed using the two-sample t-statistic, using � = 0.25.   

The t-test has been chosen for the simplicity of explaining the non-inferiority 
result to reviewers and panelists. The validity of the t-test in this situation was 
discussed above. If a non-parametric test is desired, the discreteness of the 
data would prevent the Wilcoxon rank-sum test from being used (unless � 
was set to 1.0). The proportional odds test could be used, with a value 
corresponding to the � = 0.25 used in the t-test; however, it would be difficult 
to explain the exact meaning of the non-inferiority margin without referring 
back to the t-test.  

 

6MWT:  

H0: 6MWTControl - 6MWTTest � 70. 

H1: 6MWTControl - 6MWTTest < 70. 

The test will be evaluated as a one-tailed test, based on a t-test as described 
above. 

 

Cohort B 

MACCE:  

H0: MACCETest = MACCEControl. 

H1: MACCETest 
 MACCEControl. 

This comparison will be performed by the log-rank test. Because the test is to 
one year, all data will be truncated at one year for the analysis; patients alive 
and MACCE free at that time point will be censored.   

 

 Hospital days to one year:  

H0: Median test arm hospital days = Median control arm hospital days. 

H1: Median test arm hospital days  
 Median control arm hospital days. 

The test will be evaluated as a -one -tailed test of non inferiority, using a 
bootstrap - test. Only time points through one year will be considered in this 
analysis. The actual number of hospital days will be used for patients who die 
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before one year. 

 

NYHA:  

H0: NYHATest = NYHAControl. 

H1: NYHATest � NYHAControl. 

The test will be evaluated as a two-tailed test, using the Lachin methodology 
described above.  

6MWT:  

H0: 6MWTTest = 6MWTControl. 

H1: 6MWTTest � 6MWTControl. 

The test will be evaluated as a two-tailed test, using the method of Lachin as 
described above.  

 

7.4  Additional Safety Variables 

All adverse events, including the additional safety variables, will be analyzed using 
the as-treated trial arms.  Events occurring prior to implant will not be included.  The 
primary purpose of this restriction is to ensure that the Test arm data do not include 
denominator information from the time before implant.   Any bias introduced by this 
choice will work against the device.   

Adverse events to be analyzed will include the specific adverse events gathered on 
the CRFs.  Composite analyses will include MACCE, expanded safety composite 
events, device related events, and serious AE’s.  Analysis will also include the 
additional safety endpoints described in this protocol. 

Where AE’s are adjudicated by the CEC, the adjudicated classifications will be used 
in preference to the original investigator classifications.   

Within each trial cohort, data will be stratified into: the control group, and the 
transfemoral or transapical test group.  Within each trial cohort, comparisons will be 
made as described below.  

� Perioperative adverse events will be analyzed as a proportion of patients 
experiencing the event.  Test and Control will be compared within each trial 
cohort.  For the purpose of this analysis, the perioperative events will be defined 
as those occurring on days 0-30, or prior to discharge, whichever is later. 

� As an additional data presentation, the count of events occurring on day 0-30 will 
be given. Each event will occur in either this count, or the count of late adverse 
events as described below. 

� Late adverse events (> 30 days) will be analyzed by a constant hazard model, 
and upper one-sided confidence limits will be given for the rates. Test and 
Control will be compared within each trial cohort.  
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� The time to first adverse event will be analyzed as a time dependent variable. 
Test and Control will be compared within each trial cohort. This analysis will be 
performed for each event type. 

7.5  Additional Efficacy Variables 

7.5.1 Device Success and Procedure Success 

Device Success will be analyzed as a binary variable.  These analyses will be 
presented for the test arms separately in each trial cohort.  There will be no 
comparison against the control. The same analysis will be used for procedure 
success. 

For aortic regurgitation, the proportion of patients achieving regurgitation of 3+ or 
less will be presented for each time point; a similar proportion will be presented for 
patients achieving aortic regurgitation of 2+ or less.  Additionally, tables and graphs 
will be presented showing the trends of aortic regurgitation over time.  These 
analyses will be presented for the test arms separately in each trial cohort.  There 
will be no comparison against the control. 

7.5.2 Cost and Cost Effectiveness 

Medical care costs will be analyzed and compared between trial arms.  No 
imputation will be made for additional costs that might have been accumulated by 
patients who die during the trial.  It is anticipated that cost data will be difficult to 
collect and difficult to compare among different centers. The data will simply be 
presented as they are available. 

7.6  Additional Analyses 

7.6.1 Hemodynamic valve function 

Summary statistics for peak gradient, mean gradient, effective orifice area (EOA), 
EOA index, performance index, cardiac output, cardiac index, and valvular 
regurgitation will be presented for the valve implant population at each time point at 
which echocardiograms are specified in the protocol.  The statistics will be separately 
presented for two groups: Test and Control patients in trial Cohort A, and Test 
patients in trial Cohort B.  Values from the two test cohorts will be pooled. 

7.6.2 Blood Laboratory data 

Blood laboratory data will be reported as the percent of patients with results within 
the normal ranges at each time interval.  No formal analyses will be performed of 
laboratory data as such.  However, laboratory data will enter into the definition of 
certain adverse events, and those events will be analyzed as described above.  

7.6.3 Covariate analyses 

Potentially relevant baseline and operative variables will be included in covariate 
models in an attempt to determine predictors of adverse events, including mortality. 
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Generally, these analyses will be performed in the valve implant population only.  

� Perioperative adverse events will be analyzed by logistic regression for freedom 
from event, and by negative binomial regression where analysis of multiple 
events is reasonable. 

� Late adverse events will be analyzed by regression based on a constant hazard 
model. The time clock starts after each event, allowing for consideration of 
multiple events and time after the first event.  

� Where the constant hazard analysis does not seem appropriate, adverse events 
will also be analyzed by proportional hazards regression. This includes both the 
late analyses, and analyses over the entire time period. 

� An additional analysis will attempt to find predictors of procedure success.  

� Univariate analyses will keep missing predictors as missing, rather than imputing 
values. 

� Final models will be developed using stepwise techniques.  In order to prevent 
unnecessary loss of data, missing predictor variables will be imputed to the mean 
of the values in the trial cohort to which each patient belongs.  

� ROC curves will be presented for prediction of 30-day mortality, using both STS 
score and logistic EuroSCORE as predictors.  For this purpose, the exact area 
under the ROC curve will be computed, rather than the approximate area 
produced by SAS PROC LOGISTIC. Statistical significance of the ROC area will 
be tested using bootstrap methodology. 

Use of the ROC score in this manner does not depend on prior validation of the 
predictors; in fact, computation the ROC area – there called the c-index – is one of 
the key statistical tests used to validate new predictive scores.  The paper of 
Edwards et al [28] presents this area for the STS score. 

Methods of statistically analyzing ROC scores are presented in chapters 4 and 5 of 
Pepe; the textbook contains no suggestion that there has been any prior validation of 
the predictors used to compute the ROC scores.  

Since the purpose of these analyses is to build meaningful models, rather than to 
evaluate trial endpoints, the specification of predictor variables and stepwise 
techniques has appropriately been left informal.  

7.6.4 Center comparisons 

Baseline and outcome variables will be presented stratified by clinical site, with 
formal site comparisons appropriate for each variable type.     
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7.7  General Statistical Methodology 

7.7.1 Non-inferiority Testing 

Non-inferiority tests at a point in time are based on the approach described by Com-
Nougue et al. [58]; the test is defined in the same form by Freitag [59]. 

The test is performed at a point in time T, using the Kaplan-Meier estimates for 
freedom from the endpoint being evaluated, and the Greenwood standard errors for 
these estimates.   A 95% one-sided lower confidence limit will be computed for the 
difference (Test – Control).  The Test arm will be judged not inferior to the Control if 
the lower confidence limit is greater than –�, where � is the predetermined non-
inferiority margin.  

Using the notation of Com-Nougue, let ST(T) denote the freedom from endpoint for 
the Test arm at the analysis close time T, and let SC(T) denote the freedom from 
endpoint for Control at T.  The hypothesis test is 

H0:  ST(T) – SC(T)  � –� 

HA:  ST(T) – SC(T)  > –� 

Following the standard non-inferiority testing methodology, this test will be evaluated 
as a one-sided test at 
 = 0.05.  

The test statistic is 

)](ˆ[ˆ)](ˆ[ˆ
)(ˆ)(ˆ

TSVTSV

TSTS

CT

CT

�

���
 

In the test statistic, )(ˆ TST   and  )(ˆ TSC  are the survivals estimated by the Kaplan-

Meier algorithm, and  )](ˆ[ˆ TSV T   and  )](ˆ[ˆ TSV C  are the variances estimated by 
Greenwood’s formula. 

The null hypothesis will be rejected, and non-inferiority concluded, if the test statistic 
is greater than 1.645. 

In addition to formal analysis of non-inferiority endpoints, the Kaplan-Meier curves 
will be presented for each group in the analysis, and a 95% two-sided confidence 
interval for the difference of the curves will be shown.   

Non-inferiority methodology note: 

� In analysis of the primary endpoint, there will be little or no censored data.  The 
only censoring would be due to lost to follow-up or withdrawal from the trial.   

It is possible that there will be no censored data at all in evaluating the primary 
endpoint.  In such a case the Kaplan-Meier estimators are pure proportions, and 
the Greenwood variance is the standard variance for an estimated proportion.  
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The non-inferiority test described in this section is then the same as the standard 
non-inferiority test for the difference of proportions.  This test and a sample size 
formula are given by Makuch and Simon (1978).   

The Kaplan-Meier formulation has been chosen in order to incorporate data from 
those few, if any, patients whose data are censored.  

For analyses other than all cause mortality, patients will be censored at the death 
date.  Use of Kaplan-Meier methodology is vital for these analyses.   

� Another method that is sometimes used is proportional hazards regression. Non-
inferiority is based on a confidence interval for the estimated constant hazard 
ratio.  However in this trial the hazard ratio will not be constant.  In the high risk 
surgery cohort, the early risk of death is anticipated to be higher in the Control 
arm, and the risk will be approximately the same after the perioperative period.  
In the excessive risk for surgery cohort, the early risk of death is anticipated to be 
higher in the Test arm, because of the implant procedure, but the risk would be 
higher in the Control arm thereafter. Accordingly the constant hazard ratio 
approach would not be appropriate for the primary endpoint. For consistency, the 
point in time approach will be used for other non-inferiority analyses.   

� Where these analyses are performed at the nominal 12-month follow-up point, 
some patients will have completed their 12-month follow-up prior to 365 days. If 
needed to evaluate the primary endpoint, there will be a special telephone follow-
up for these patients to determine survival at 365 days; a telephone follow-up is 
adequate to determine this particular data point.  It should be noted that this 
situation will not arise for the 30-day endpoint, since all living patients will have 
later data. 

Choice of � 

The issue remains as to how � should be chosen.  As a reference, Section 6.6 of the 
standard textbook by Wellek [60] discusses non-inferiority testing for survivor 
functions.  The book suggests that a liberal choice of the non-inferiority margin is � = 
0.20, and a strict choice is � = 0.10.  At the request of the FDA the even stricter 
value 0.075 will be used. 

7.7.2 Time-Dependent Variables 

Time-dependent variables will be analyzed using the Kaplan-Meier algorithm, with 
standard errors computed by Greenwood’s formula.  Kaplan-Meier graphs will be 
presented for each trial arm and for other patient groups as appropriate.  The 
number of patients-at-risk will be computed at exact time points, without reference to 
any nominal follow-up windows.  The log-rank statistic will be used for any 
comparison among groups. 

The precise formulation of the log-rank test as a hypothesis test is given in terms of 
the hazard functions �(t) for the two trial arms.  

H0:  �T(T) = �C(T)  for all T 
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HA:  �T(T) � �C(T)  for some T 

The acceptance criterion for the primary endpoint of Cohort B is that statistical 
significance be achieved as a two-sided test, and that the difference favors the test 
arm, as defined by the log-rank statistic. The actual formula for the log-rank statistic 
is omitted here because it is contained in standard textbooks on survival analysis, 
such as Kalbfleisch and Prentice, section 1.5 [61]. 

As already mentioned in section 7.3.1, all available data will be used in performing 
log-rank tests.  For the primary endpoint in Cohort B, this specifically means that the 
data for each patient will extend to the evaluation date; for all but the last few 
patients the time involved will be greater than one year, and the sample size has 
been based on including all such data.  

Confidence limits for these graphs will be based on the Greenwood standard error, 
computed using the logit transformation.  

Covariate analyses will be based on the proportional hazards model.  Groups will be 
compared using the Cox proportional hazards algorithm.  The hazard ratio and 
hazard ratio confidence limits, their logarithms, and the Wald p-value will be 
presented.   

Where appropriate, time-dependent variables will be analyzed using a constant 
hazard model.  Confidence limits will be computed using Cox’s approximate (2 
statistic, as recommended by Grunkemeier and Anderson [62].  Groups will be 
compared using Cox’s approximate F-test. 

Patients who have not experienced the event being analyzed will be censored as of 
the last date at which they are known to be free of the event.  Generally this will be 
the last follow-up date or the death date.  For the special case of the primary 
endpoint at one year, there may be a special telephone follow-up to determine 
survival at the precise time point used in the analysis.   

Some time-dependent variables may be inherently interval censored; an example 
would be a yes/no variable that can be determined only at the time of x-ray 
examinations.  Such variables will be analyzed in two ways. Both of these methods 
are available in SAS PROC LIFEREG. 

• Graphical displays of a single group will be presented using the non-
parametric estimates produced by Turnbull’s algorithm. 

• Groups will be compared using a Weibull model.   

7.7.3 Continuous and Ordinal Variables 

For continuous variables, summary statistics will include means, standard deviations, 
medians and quartiles.  Confidence limits will be computed using the t-distribution.  
Groups will be compared using t-tests or analysis of variance, with multiple 
comparisons performed using Scheffé’s method.  Where severe departures from 
normality are observed, comparisons will also be performed using the Wilcoxon rank-
sum test. 
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For ordinal variables, summary statistics will include medians and quartiles; means 
will also be presented when appropriate.  Group comparisons will be performed 
using the exact Wilcoxon rank-sum test. 

7.7.4 Categorical Variables 

For categorical variables, summary statistics will include counts and percentages.  
Confidence limits for binary variables will be computed using the exact binomial 
distribution.   

Categorical variables will be compared by Fisher’s exact test. 

Stratified comparisons of categorical variables will be performed using the 
appropriate Mantel-Haenszel statistics. 

7.7.5 Count Variables 

Some analyses (e.g. the number of adverse events in a fixed time period) will 
produce counts that can in principle range from 0 to an arbitrarily large number.  It is 
anticipated that such counts will be more dispersed than allowed for in a Poisson 
model; accordingly the negative binomial model will be used for such analyses [63]. 

7.7.6 Exact tests 

The Monte Carlo version of exact tests will be used when computationally necessary.  
A fixed seed will be used for all such tests.  It is anticipated that the Monte Carlo 
methodology will be used for any center comparisons.   

7.7.7 Missing Data Imputation 

Missing variables will not be imputed for planned analyses, except where otherwise 
specified.  

Even where imputations are specified, a complete case analysis will also be 
presented. This is because the complete case analysis is the most common method 
in cardiovascular literature. 

Wherever imputations are performed, the imputation algorithms will make no 
reference to the specific trial arm of the patient, thus ensuring no analysis bias 
between trial arms.  The imputations specified below are the planned imputations; 
others may be performed when specifically requested by reviewing agencies.  

NYHA: 

As a sensitivity analysis for the difference in NYHA between trial arms, patients that 
are not known to be deceased but with missing NYHA at one year will be ranked 
above all deceased patients, below all surviving patients above the median, and tied 
with all surviving patients below the median. This method is proposed in McMahon 
and Harrell (2001) as a variation on a method presented in Brown (1999).  McMahon 
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and Harrell (2001) point out that this method is appropriate when such observations 
are missing for reasons associated with disease progression.    

Length of index hospital stay: 

Patients who die before discharge will be imputed to have a hospital stay of the 
longest length of hospital stay from the alive discharged patients from the same 
treatment arm in the same cohort for this analysis.  An additional analysis will be 
performed using just the actual hospitalized days, without any additional days being 
imputed for patients who die.  

Six-minute walk 

As a sensitivity analysis for the difference in 6MWT between trial arms, patients that 
are not known to be deceased but with missing 6MWT at one year will be ranked 
above all deceased patients, below all surviving patients above the median, and tied 
with all surviving patients below the median. As noted above, this method is 
proposed in McMahon and Harrell (2001) and is appropriate when such observations 
are missing for reasons associated with disease progression.    

Sensitivity Analyses 

Sensitivity analyses for missing outcomes in the ITT population for all variables will 
be performed.  First, we shall perform a worst-case analysis where the worst 
observed value for the outcome at a given time point in the treatment arm will be 
imputed for any missing outcome in the treatment arm at that time point.  
Conversely, the best observed value for the outcome at a given time point in the 
control arm will be imputed for any missing outcome in the control arm at that time 
point.  Secondly, multiple imputation will also be used to perform a sensitivity 
analysis.  Finally, the available case analysis will also be presented for all outcomes. 
 
While sensitivity analyses will be performed as described above, the primary 
evaluation analysis for all outcome variables will still be performed as described in 
the earlier part of this chapter.  The additional analyses as described above will be 
provided for sensitivity purposes only. 
 

7.7.8 Periodic Analyses 

Periodic analyses will be performed during the trial as required by the appropriate 
regulatory authorities and the DSMB.  These analyses will include review of 
screening criteria to ensure appropriate stratification to Cohort A and Cohort B. 

The sample size and endpoint time for this trial is fixed in advance, and not based on 
these periodic analyses.  Accordingly, there is no adjustment to alpha.  

7.7.9 Data from Other Trials 

All analyses for this trial will be based on trial data only, without any attempt to 
incorporate data from other sources. 
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To the extent required by regulatory authorities, data from other sources will be 
presented in an appendix. 

7.7.10 Miscellaneous 

Unless otherwise specified, confidence limits and hypotheses tests will be two sided, 
using 
 = 0.05.   

Unless otherwise specified, the precise form of each algorithm will be the default of 
SAS®, using the latest release generally available at the time of analysis.  This will be 
version 9.1 or later. 

The Post-Approval Study will include: 
 
QOL analysis 

The SF-12, KCCQ, and EQ5D forms will be evaluated at the 2 through 5 year 
visits. The collection will be purely prospective for all patients.  

The SF-12, KCCQ, and EQ5D summary scores will be computed separately, and 
compared to the respective baseline values and to published age group norms 
for the general population. Additionally for SF-12, values for age 75+ are given in 
the SF-12 manual, separate by gender; the available data contain sufficient 
statistics for analysis by a t-test. If, at the time of the analysis, values for older 
populations can be found in published literature, comparisons will be performed 
using those values also.  

These analyses will be performed separately at the 2 through 5 year visits, using 
observed data only.  

Echo analysis 

In addition to analyses already specified, a regression model will be developed to 
study the progression of valve area, mean gradient, peak gradient, and aortic 
regurgitation over time.  For this purpose a linear model will be fit to actual data 
only, beginning with the 30-day visit. There will be a separate intercept for each 
patient. Additional non-linear terms will be added when justified statistically.  

Further notes 

There are no feasibility data for either of these analyses, and accordingly formal 
hypotheses have not been given.   

Based on current data, it is anticipated that between 10% - 30% of TAVR 
patients will be alive at the 5 year visit, and that virtually no cohort B non-TAVR 
patients will be alive.   
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8  Definitions 
Term Definition Reference/Justification 

Adverse Event 
(AE) 

An adverse event is any “untoward 
medical occurrence in a study subject” 
which does not necessarily have to have 
a causal relationship with study 
treatment.  An AE can therefore be an 
unfavorable and unintended sign 
(including an abnormal laboratory 
finding), symptom, or disease, temporary 
or permanent, whether or not related to 
the study valve implantation or BAV 
procedure. 

ISO 14155-1:2003 

Serious Adverse 
Event (SAE) 

Adverse Event that:  
a) led to a death, 
b) led to a serious deterioration in the 

health of a subject that  
� resulted in a life-threatening illness 

or injury, 
� resulted in permanent impairment 

of a body structure or body 
function, 

� required inpatient hospitalization or 
prolongation of existing 
hospitalization, 

� resulted in a medical or surgical 
intervention to prevent permanent 
impairment to body structure or a 
body function. 

c) led to fetal distress, fetal death or a 
congenital abnormality or birth 
defect. 

 
Any major or clinically significant adverse 
event occurring during and after the 
study valve implantation or BAV 
procedure:  

 
Death; Life-threatening adverse event; 
Inpatient hospitalization or prolongation 
of existing hospitalization; Persistent or 
significant disability/incapacity; Medically 
significant event (includes laboratory 
abnormalities).  

 
Medically significant events may not be 
immediately life-threatening or result in 
death or hospitalization but may 
jeopardize the patient or may require 

ISO 14155-1:2003 
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Term Definition Reference/Justification 
intervention to prevent one of the 
outcomes listed in the definition above.   

 
The following is not considered an SAE: 
� Hospitalization for diagnostic or 

elective surgical procedures for a 
pre-existing condition 

Adverse Device 
Effect (ADE) 

Any untoward or unintended response to 
a medical device. 
This definition includes any event 
resulting from insufficiencies or 
inadequacies in the instructions for use 
or the deployment of the device or any 
event that is a result of user error. 

ISO 14155-1:2003 

Serious Adverse 
Device Effect 
(SADE) 

Adverse Device Effect that resulted in 
any of the consequences characteristics 
of a Serious Adverse Event or that might 
have led to any of these consequences if 
suitable action had not been taken or 
intervention had not been made or if 
circumstances had been less opportune. 

ISO 14155-1:2003 

Unanticipated
Adverse Device 
Effect (UADE) 

Any serious adverse effect on health or 
safety or any life-threatening problem or 
death caused by, or associated with, a 
device, if that effect, problem, or death 
was not previously identified in nature, 
severity, or degree of incidence in the 
investigational plan or application 
(including a supplementary plan or 
application), or any other unanticipated 
serious problems associated with a 
device that relates to the rights, safety, 
or welfare of patients. 

FDA 

Major Adverse 
Cardiac And 
Cerebro-Vascular 
Events (MACCE)  

MACCE definition includes death, MI, 
stroke and renal failure.  
 

FDA 

Expanded Safety 
Composite

Expanded safety composite event 
includes death, MI, stroke, aortic valve 
reintervention, recurrent hospitalization 
and procedure access complications 
(unplanned surgical vascular conduit, 
unplanned vascular grafting intervention, 
repair of thoracic or abdominal aorta, or 
access wound infection). 

FDA 

  
Annular
Dissection

Disruption or tear of the valve annulus 
extending to the aorta caused by 

STS 
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Term Definition Reference/Justification 
mechanical injury from oversizing a 
balloon or the valve device itself  

Aortic Dissection Aortic dissection defined as Type A or B 
dissections that require surgical or 
percutaneous intervention. 

FDA 

Aortic Stenosis Aortic stenosis is classified as “severe” 
when the following are present: 

 
� Jet velocity greater than 4.0 m/s 
� Mean gradient greater than 

40mmHg 
� Valve area less than 1.0 cm2 
� Valve area index less than 

0.6cm2/m2 

ACC/AHA 
p. e14, e18 

Bleeding Event Any episode of major internal or external 
bleeding that causes death, 
hospitalization or permanent injury (e.g., 
vision loss) or necessitates transfusion of 
greater than 3 units PRBCs or 
pericardiocentesis procedure. 
 
The complication bleeding event applies 
to all patients whether or not they are 
taking anticoagulants or antiplatelet 
drugs, since bleeding events can occur 
in patients who are not receiving 
anticoagulants.  Embolic stroke 
complicated by bleeding is classified as 
a neurologic event under embolism and 
is not included as a separate bleeding 
event. 

 
Hemorrhage that requires 2 or more 
units of transfusion within the index 
procedure shall be reported as serious 
adverse events. (FDA) 

STS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
FDA 

Canadian
Cardiovascular
Society 
Classification
(CCS) 

Class 1 
No limitation of ordinary activity.  
Ordinary physical activity, such as 
walking and climbing stairs, does not 
cause angina.  Angina occurs with 
strenuous, rapid, or prolonged exertion 
at work or during recreation. 
Class 2 
Slight limitation of ordinary activity.  
Angina occurs with walking or climbing 
stairs rapidly, walking uphill, walking or 
stair climbing after meals, walking in the 

Canadian 
Cardiovascular Society 
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Term Definition Reference/Justification 
cold, into the wind, while under 
emotional stress, or during the first hours 
after awakening.  Walking more than two 
blocks on the level and climbing more 
than one flight of ordinary stairs at a 
normal pace and in normal conditions, 
does not cause angina. 
Class 3 
Marked limitation of ordinary physical 
activity.  Angina occurs with walking one 
to two blocks on the level and climbing 
one flight of stairs in normal conditions 
and at a normal pace. 
Class 4 
Inability to carry on any physical activity 
without discomfort.  Angina syndrome 
may be present at rest. 

CABG Coronary artery bypass surgery.   

Cerebrovascular 
Accident (CVA): 

See “Embolism” STS/AATS 

Conversion To 
Bypass 

Conversion to cardiopulmonary bypass 
is defined when patient is cannulated 
and heparinized 

FDA 

  
Death

(See Also 
“Sudden Death” 
And “Valve-
Related Death”)  

In general deaths will be classified as 
cardiac or non-cardiac and 
procedure/valve-related.  
 
Cardiac death is defined as all deaths 
resulting from cardiac causes.  This 
category includes valve-related deaths 
(including sudden unexplained deaths) 
and non-valve related cardiac deaths 
(e.g., congestive heart failure, acute 
myocardial infarction, documented fatal 
arrhythmias.) 
 
Non-cardiac death is defined as a death 
not due to cardiac causes (as defined 
above). 
 
Procedure-related death: Deaths directly 
related to the procedure or complications 
thereof or any death occurring � 30 days 
of the procedure will be classified as 
procedure-related. 
 

STS/AATS 
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Term Definition Reference/Justification 
Valve-related death: Death caused by 
structural valve deterioration, 
nonstructural dysfunction, valve 
thrombosis, embolism, bleeding event, 
operated valvular endocarditis, or death 
related to reoperation of an operated 
valve.  Sudden, unexplained, 
unexpected deaths of patients with an 
operated valve are included as valve-
related mortality.  Deaths caused by 
heart failure in patients with advanced 
myocardial disease and satisfactorily 
functioning cardiac valves are not 
included.  Specific causes of valve-
related deaths should be designated and 
reported. 
 
Sudden death:  Sudden, unexpected, 
unexplained death.  The cause of these 
deaths is unknown and the relationship 
to an operated valve is also unknown.  
Therefore, these deaths should be 
reported as a separate category of valve-
related mortality if the cause cannot be 
determined by clinical data or autopsy. 

Device
Malfunction 

The failure of a device to meet any of its 
performance specifications or otherwise 
perform as intended.  Performance 
specifications include all claims made in 
the labeling of the device. 

 

Device Migration Device migration is defined x-ray 
confirmed movement of the study valve 
from its initial implantation site  such that 
there is a change in valve orientation 
within the aortic outflow track resulting in 
a new echo-confirmed flow disturbance 
(pre- and post- filmed documentation). 

 

Device Success Successful delivery and deployment of 
the device and retrieval of the delivery 
catheter resulting in an aortic valve area 
greater than 0.9cm2 with <3+ aortic 
regurgitation in the earliest evaluable 
echocardiogram and only one valve is 
implanted in the correct anatomical 
position. 

FDA 

Embolism Free flowing blood clot or lesion material 
that is located in the systemic or 
pulmonary circulation. 

STS 
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Term Definition Reference/Justification 
 
Any embolic event that occurs in the 
absence of infection after the immediate 
perioperative period (when anesthesia-
induced unconsciousness is completely 
reversed). 
 
A neurologic event includes any new, 
temporary or permanent focal or global 
neurologic deficit. 
 
A transient ischemic attack (TIA) is a 
fully reversible neurologic event that 
lasts less than 24 hours and if an 
imaging study is performed, shows no 
evidence of infarction. 
 
A stroke or permanent neurologic event 
lasts  � 24 hours, or lasts < 24 hours with 
a brain imaging study showing infarction. 
Patients who do not awaken or who 
awaken after operation with a new stroke 
are excluded in tabulations of valve-
related morbidity.  Psychomotor deficits 
should be classified as adverse events if 
they are newly noted post baseline. 
 
A peripheral embolic event is an 
operative, autopsy or clinically 
documented embolus that produces 
symptoms from complete or partial 
obstruction or a peripheral (noncerebral) 
artery.  Patients who awaken with a 
myocardial infarction are excluded.  
Patients who have a myocardial 
infarction after the perioperative period 
are also excluded unless a coronary 
arterial embolus is shown to be the 
cause of the infarction by operation, 
autopsy or clinical investigation.  Emboli 
proven to consist of nonthrombotic 
material (e.g., atherosclerosis, myxoma) 
are excluded. 

Emergent Bypass 
Surgery

Emergent bypass surgery is defined as 
urgent or emergent coronary bypass 
surgery < 30 days of the index treatment. 

FDA 

Emergent
Cardiac Surgery 

Emergent Salvage: The patient is 
undergoing CPR en route to the 

STS Definition of 
Cardiac Surgery Status
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Term Definition Reference/Justification 
operating room or prior to anesthesia 
induction 
 
Emergent: The patient’s clinical status 
includes any of the following: 
1) Ischemic dysfunction of any of the 
following: a) ongoing ischemia including 
rest angina despite maximal medical 
therapy (medical and/or IABP); b) Acute 
Evolving Myocardial Infarction within 24 
hours before surgery or c) pulmonary 
edema requiring intubation 
2) Mechanical dysfunction (either of 
the following): a) shock with circulatory 
support; or b) shock without circulatory 
support 
 
Urgent: 
ALL of the following conditions are met: 

a) Not elective status 
b) Not emergent status 
c) Procedure required during same 

hospitalization in order to 
minimize chance of further 
clinical deterioration 

d) Worsening, sudden chest pain, 
CHF, acute myocardial infarction 
(AMI), anatomy, IABP, unstable 
angina (USA) with intravenous 
(IV) nitroglycerin (NTG) or rest 
angina may be included 
 

Elective: 
The patient’s cardiac function has been 
stable in the days or weeks prior to the 
operation. The procedure can be 
deferred without increased risk of 
compromised cardiac outcome. 

Endocarditis
(Operated
Valvular
Endocarditis)

Any infection involving an operated 
valve. 
 
The diagnosis of operated valvular 
endocarditis is based on customary 
clinical criteria including an appropriate 
combination of positive blood cultures, 
clinical signs and histologic confirmation 
of endocarditis at reoperation or autopsy. 
 

STS 
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Term Definition Reference/Justification 
Morbidity associated with active 
infection, such as valve thrombosis, 
thrombotic embolus, bleeding event or 
paravalvular leak is included under this 
category and is not included in other 
categories of morbidity. 
 
Suggested reference:  Duke Criteria for 
Infective Endocarditis 

 
Durack DT, Lukes AS, 
Bright DK. New criteria for 
diagnosis of infective 
endocarditis: utilization of 
specific echocardiographic 
findings: Duke 
Endocarditis Service. Am J 
Med. 96:200-209, 1994 

Event Free 
Survival

Survival from death, stroke, or emergent 
cardiac surgery during the index 
procedure hospitalization, plus freedom 
from death or clinically-driven 
hospitalization (adjudicated congestive 
heart failure, myocardial ischemia, or 
syncope treated by medicine, repeat 
aortic balloon valvuloplasty, or aortic 
valve replacement) from index hospital 
discharge. 

 

Explant (See Also 
“Reoperation”)

Removal of the investigational valve 
implant for any reason. 

STS/AATS 

Hemodynamic 
Collapse

Hemodynamic collapse is defined when 
the systolic blood pressure drops below 
40mmHg or when there is 
electromechanical dissociation. 

 

Hemolysis � Plasma Hgb >40 on two consecutive 
measurements within 24 hours. 
Laboratory values meeting this criteria 
should be listed as a major adverse 
event, or   

� Clinical diagnosis of hemolysis 
evidenced by laboratory testing such 
as serial hemoglobin, serum LDH, 
haptoglobin, serum bilirubin and/or 
urine bilirubin levels 

FDA 

Hemorrhage See “Bleeding event” 
Events which are excluded are: those 
due to liver disease, myocardial 
infarction, or systemic infection.  
Reported as major or minor as defined 
below: 
Major: Requires intervention.   

  Minor: Does not require   intervention. 

STS/AATS 

Hemorrhagic 
Vascular
Complication

Vascular complications include the 
following: 
1. Hematoma at access site >5 cm 
2. False aneurysm 
3. Arterio-venous fistula 
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Term Definition Reference/Justification 
4. Retroperitoneal bleeding 
5. Peripheral ischemia/nerve injury 
6. Any transfusion required will be 

reported as a vascular complication 
unless for a clinical indication clearly 
other than catheterization 
complication. 

7. Vascular surgical repair 
Infection Known infection requiring intravenous 

antibiotics for other than prophylaxis, 
and/or extended hospitalization. 

 

Mitral Valve 
Compromise 

Mitral valve compromise defined as 
mitral injury producing a 1+ increase in 
mitral regurgitation (MR).  

FDA 

Myocardial 
Infarction

Any of the following criteria will meet the 
definition of MI: 

1)  Any Acute MI demonstrated by 
autopsy 

2)  Any emergent PCI performed for 
acute ST-elevation myocardial 
infarction 

3)  Any administration of thrombolytics 
for acute myocardial infarction 

4)  Clinical Periprocedural MI (up 
through 7 complete days post index 
procedure):   

a)  Periprocedural Q-wave MI: 
Development of new pathologic Q 
waves in 2 or more contiguous leads 
with elevation of CK-MB or CK in 
absence of CK-MB data.  New Q 
waves in the absence of symptoms or 
elevated markers will NOT be 
considered an MI. 

b)  Periprocedural Non-Q-wave MI: 
Documented signs or symptoms of 
ischemia and/or new ischemic changes 
on ECG AND CK-MB elevation > 10 X 
ULN.  In the absence of CK-MB data, 
CK should be used. 

   In the absence of CK-MB data, CK can 
be used with the same > 10 X ULN 
criteria.  
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Term Definition Reference/Justification 
5)  Clinical Non-procedural MI 

a)  Q-wave MI: Development of new 
pathologic Q waves in 2 or more 
contiguous leads with elevation of CK, 
CK-MB or Troponin in clinical setting 
with signs or symptoms of myocardial 
ischemia. 

b)  Non-Q-wave MI: Elevation of 
CK > 2 times ULN with elevation of 
CK-MB or Troponin in clinical 
setting with signs or symptoms of 
myocardial ischemia. 

 
Nonstructural 
Dysfunction 

An abnormality, which is not intrinsic to 
the prosthetic valve (i.e. valve is 
structurally normal) resulting in stenosis 
or regurgitation.   
 
Examples of nonstructural dysfunction 
include entrapment by pannus, tissue or 
suture, paravalvular leak, inappropriate 
sizing or positioning, residual leak or 
obstruction from valve implantation or 
repair, and clinically important hemolytic 
anemia. 
 
See “paravalvular leak” for additional 
definitions 

STS/AATS 

New York Heart 
Association
Classification
(NYHA Class) 

Class I: Patients with cardiac disease 
but without resulting limitations of 
physical activity.  

Class II:      Patients with cardiac disease 
resulting in slight limitation of physical 
activity.  Patients are comfortable at rest.  
Ordinary physical activity results in 
fatigue, palpitation, dyspnea, or anginal 
pain. 

Class III:     Patients with cardiac disease 
resulting in marked limitation of physical 
activity.  They are comfortable at rest.  
Less than ordinary physical activity 
causes fatigue, palpitation dyspnea, or 
anginal pain. 

Class IV:     Patients with cardiac 
disease resulting in inability to carry on 

New York Heart 
Association 

100



The PARTNER-US IDE Trial Edwards Lifesciences 
with Continued Access and Post-Approval Study 

 

Version 5.0 November 2011 CONFIDENTIAL Page 101 
 

Term Definition Reference/Justification 
any physical activity without discomfort.  
Symptoms of cardiac insufficiency or of 
the anginal syndrome may be present 
even at rest.  If any physical activity is 
undertaken, discomfort is increased. 

Paravalvular
Leak (See Also 
“Nonstructural
Dysfunction”)  

Leakage due to a separation of the 
prosthetic valve from the annulus.   
 
Any evidence of leakage of blood around 
the device. Diagnosis of paravalvular 
leak may be obtained from echo; 
however definitive diagnosis is obtained 
at reoperation, explant, or autopsy.  
 
Primary paravalvular leak 
Defined as any evidence of leakage of 
blood around the prosthesis between the 
device and the native annulus. 

Primary paravalvular leaks will be 
stratified by the following: 

All leaks: evidence of moderate to 
severe paravalvular insufficiency by 
echocardiography

Minor leaks: A paravalvular leak 
graded < 3+ aortic insufficiency and 
does not require surgical intervention

Major leaks: A paravalvular leak 
graded �3+ aortic insufficiency or 
requires surgical intervention  

 
 

STS/AATS, FDA 

Perforation Of 
The Free 
Myocardial Wall 

These perforations will be categorized 
according to the severity as follows: 

Clinical perforation: Coronary perforation 
requiring additional treatment outside the 
protocol, or resulting in significant 
pericardial effusions, urgent open-chest 
surgery or death.  “Clinical perforation” 
applies if either catheter drainage or 
open drainage is required. 

Pericardial hemorrhage/tamponade: 
Perforation with hemodynamic evidence 
of tamponade or pericardial hemorrhage. 

FDA 

Peripheral
Thromboembolic
Event

See “Embolism” STS/AATS 
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Term Definition Reference/Justification 
Pre-Existing 
Condition

A pre-existing condition is one that is 
present at the start of study treatment. 
 

 

Procedure
Success

Device success and no occurrence of in-
hospital or 30 day (± 7 days), whichever 
is longer, MACCE and <3+ AI 

FDA 

Procedure
Failure

Complication(s) arising during 
implantation of the prosthetic valve such 
as an inability to properly seat the valve 
in the annulus, , size mismatch between 
the annulus and the prosthetic valve, or 
the need for more than one Edwards 
SAPIEN THV (valve in valve), or if  a 
surgical valve is required to correct a 
paravalvular leak.  The reasons for this 
difficulty may be due to the anatomic 
configuration of the annulus or a calcific 
valvular annulus. 

FDA 

Recurrent
Hospitalization

Rehospitalization for symptoms of heart 
failure, angina or syncope due to aortic 
valve disease requiring aortic valve 
intervention or intensified medical 
management, hospitalization for 
complications from the procedure, such 
as infection, renal failure, etc. 

 

Renal Failure Patient requires chronic dialysis for 
greater than 30 days 

 

Renal
Insufficiency

Creatinine level above 3.5 FDA 

Reintervention Any intervention that repairs, alters or 
replaces a previously operated valve. 
 

STS/AATS 

Sternal Wound 
Infection

  Deep sternal infection involving      
muscle, bone, and/or mediastinum 
Must have one of the following: 
1) Wound opened with excision of    
tissue (I&D) 
2) Positive culture 
3) Treatment with antibiotics. 

   
Infection that is contiguous with the 
sternum on imaging will constitute 
involvement of the sternum.  
 

STS/AATS 

Stroke A neurological deficit lasting � 24 hours, 
or lasting < 24 hours with a brain imaging 
study showing infarction 

STS/AATS 
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Term Definition Reference/Justification 
Structural
Valvular
Deterioration 
(SVD) 

Any change in valve function (a 
decrease of one NYHA functional class 
or more) of an operated valve resulting 
from an intrinsic abnormality of the valve 
that causes stenosis or regurgitation. 
 
Structural valve deterioration includes 
operated valve dysfunction or 
deterioration exclusive of infection or 
thrombosis as determined by 
reoperation, autopsy or clinical 
investigation.  The term structural 
deterioration refers to changes intrinsic 
to the valve, such as wear, fracture, 
poppet escape, calcification, leaflet tear, 
stent creep and suture line disruption of 
components (e.g. leaflets, chordae) of an 
operated valve. 

STS/AATS 

Sudden Death
(See Also 
“Death”)

Sudden, unexpected, unexplained death.  
The cause of these deaths is unknown 
and the relationship to an operated valve 
is also unknown.  Therefore, these 
deaths should be reported as a separate 
category of valve-related mortality if the 
cause cannot be determined by clinical 
data or autopsy. 

STS/AATS 

Thromboembolic
Event

See “embolism” STS/AATS 

Thrombus (Valve 
Thrombosis)

An aggregation of platelet, fibrin, clotting 
factors, and other cellular elements 
exclusive of infection.  
 
Valve thrombosis is defined as any 
thrombus in the absence of infection 
attached to or near an operated valve 
that occludes part of the blood flow path 
or that interferes with function of the 
valve.  A valve related thrombus may be 
confirmed by operation, autopsy, or 
diagnostically by such methods as 
echocardiography, angiocardiography, or 
magnetic resonance imaging. 

STS/AATS 

Transient
Ischemic Attack 
(TIA)

See “embolism” STS/AATS 

Traumatic
Cardiac
Microangiopathic 

The intravascular fragmentation of red 
blood cells characterized by low 
hemoglobin levels, schizocytes 
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Term Definition Reference/Justification 
Hemolytic 
Anemia

consisting of helmet cells, triangle cells 
and other fragmented forms.  The red 
cells may show hypochromia if iron 
deficiency due to urinary loss of 
hemoglobin or hemosiderin is present.  
The plasma hemoglobin level is elevated 
and the serum haptoglobin concentration 
is diminished or absent.  
Hemosiderinuria is a constant finding, 
but hemoglobinuria may vary from none 
to large amounts.  Serum LDH activity 
may be elevated.  The leukocyte count 
may be normal or slightly elevated and 
the platelet count may be diminished.  
This anemic event is exclusive of 
infection or autoimmune disease.  The 
anemia is considered mild if controlled 
by iron replacement, and severe if 
transfusion is necessary. 

Valve-Related
Mortality  (See 
Also “Death”) 

Death caused by structural valve 
deterioration, nonstructural dysfunction, 
valve thrombosis, embolism, bleeding 
event, operated valvular endocarditis, or 
death related to reoperation of an 
operated valve.  Sudden, unexplained, 
unexpected deaths of patients with an 
operated valve are included as valve-
related mortality.  Deaths caused by 
heart failure in patients with advanced 
myocardial disease and satisfactorily 
functioning cardiac valves are not 
included.  Specific causes of valve-
related deaths should be designated and 
reported. 

STS/AATS 
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9 Study Committees 
 

9.1  Executive Operations Committee 

The Executive Operations Committee will be responsible for the day-to-day 
administrative management of the trial.  This committee will meet periodically by 
teleconference to monitor subject enrollment, clinical site progress, and protocol 
compliance.  This committee will be responsible for reviewing the final results, 
determining the methods of presentation and publication, and selection of secondary 
projects and publications by members of the Steering Committee. The committee will 
be comprised of 6 study investigators (3 cardiovascular surgeons, and 3 
interventional cardiologists), an independent clinical cardiologist, QOL Medical 
Advisor, Echocardiography Expert and sponsor representative. 

Cardiovascular Surgeons Craig Smith, MD 
Columbia University Medical Center, New York 

 Craig Miller, MD 
Stanford University Medical Center, Stanford, 
California 

 Michael Mack, MD 
Medical City Dallas Hospital, Texas 

 Tirone David, MD 
 Toronto General Hospital, Toronto, Canada 

 
Interventional Cardiologists Martin Leon, MD 

Columbia University Medical Center, New York 

 John Webb, MD 
St. Paul Hospital, Vancouver, Canada 

 Murat Tuzcu, MD 
The Cleveland Clinic Foundation, Ohio 

Independent Cardiologist Robert Bonow, MD 
Northwestern Medical Center, Illinois 

Quality of Life PI David Cohen, MD 
MidAmerica Medical Center, Missouri 

Echocardiologist Pamela Douglas, MD 
Duke University Medical Center, North Carolina 

Sponsor Jodi J. Akin, RN, MSN 
Edwards Lifesciences 
Vice President, Clinical Affairs  
Heart Valve Therapies, Global 
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Advisors Stuart Pocock, PhD 

 University of London, United Kingdom 
 Biostatistics 
 
 Mitch Krucoff, MD 
 Duke University Medical Center, North Carolina 
 DSMB, CEC and Core Lab Operations 
 

9.2  Steering Committee 

The Steering Committee consists of members of the Executive Committee and all 
clinical site principal investigators.  

9.3  Data Safety Monitoring Board (DSMB) 

9.3.1 Independence of the DSMB 

The DSMB is independent from the Sponsor, the investigators, or anyone involved in 
the clinical care of the study subjects.  Members will not have scientific, financial, or 
other conflict of interest related to the Sponsor or the investigators. DSMB members 
must sign a non-conflict-of-interest statement in this regard. 

The committee will be selected by Edwards Lifesciences and Duke Cardiovascular 
Research Institute (DCRI).  DCRI will contract with the potential members. 

The members must have the following characteristics: 

� working professionally as physicians or statisticians, 
� at least one member with specific expertise in cardiothoracic surgery clinical trials 
� at least one member with significant prior experience as DSMB chairperson, 
� no conflict of interest,  
� no financial interest in Edwards Lifesciences 
� they will not be involved in the conduct of this trial in any other capacity, such as 

principal investigators, sub-principal investigators 
� they will not be engaged in any simultaneously occurring competitive trials 
� they should not be on the NIDPOE or debarred list of investigators. 

Members will not serve on the DSMB, Clinical Events Committee (CEC) or Operating 
Committee of a competing device trial.  Members will not have any affiliation with the 
core laboratories, the data coordinating center, or the principal investigator of the 
trial.  The DSMB will function in accordance with DCRI SOPs and applicable 
regulatory guidelines. 

The DSMB committee will review all safety data from the PARTNER (US) Trial and 
make recommendations based upon the safety analyses.  The same DSMB will be 
responsible for both cohorts, even if there is early submission on one cohort.  It will 
also be responsible for developing a charter and establishing stopping rules for early 
termination of the trial.  The frequency of the DSMB meetings will be determined 
prior to study commencement; however, the DSMB may call a meeting at any time if 
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there is reason to suspect safety is an issue.  DSMB oversight for this trial is 
expected to be rigorous with frequent review of all essential safety data. 

Edwards Lifesciences will provide statistical support for the DSMB.  The DSMB may 
also request the services of an independent statistician.  

The DSMB chairperson will notify Edwards Lifesciences and regulatory authorities, 
by confidential memo, of any safety or compliance issues.  They will also provide 
confidential recommendations, when necessary, of study termination based upon the 
safety stopping rules determined at study onset, or because a clinically significant 
result was identified in safety analyses of the data.  All DSMB reports will remain 
strictly confidential, but will be made available to regulatory authorities. 

Edwards will notify FDA if any member of the DSMB advises to terminate the study 
due to safety concerns. 

9.3.2 Study Termination 

The DSMB will monitor the rates of SAEs, MACCEs, expanded safety composite 
events, device and procedure failures, and any device-related adverse events.  The 
stopping rules will be developed in conjunction with the DSMB. 
 
In addition to the stopping rules, the DSMB may recommend stopping the study at 
any time, in the event of other unforeseen and/or excessive adverse effects or other 
safety concerns in the treated group. 
 
9.4  Clinical Events Committee 

The Clinical Events Committee (CEC) will be responsible for adjudicating endpoint 
related events reported during the trial.  The CEC (under the direction of the CRO) 
will include both invasive and non-invasive cardiologists, as well as cardio-thoracic 
surgeons in clinical practice who are not participants in the study and who meet 
regularly throughout the study to adjudicate events in an ongoing fashion. CEC 
members are independent from the investigational sites. 

At the onset of the study, the CEC, under the Medical Director of CRO, will detail 
explicit rules outlining the minimum amount of data required, and the algorithm 
followed in order to classify a clinical event.  These rules will be submitted to the 
Executive Operations Committee for final approval.  Members are provided data 
summaries from the clinical study in a blinded fashion without site or physician 
identification.  All members of the CEC will be blinded to the primary results of the 
study.  All CEC meeting minutes will remain strictly confidential, but will be made 
available to regulatory authorities upon request. 

Edwards Lifesciences will provide statistical support for the CEC.  The CEC may also 
request the services of an independent statistician. 
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9.5  Publication Committee 

Selected members of the Steering Committee will participate in a publications 
committee which will plan and review the study publication strategy and review 
proposed papers and presentations. The committee Co-Chairman, Dr. Lars 
Svensson, Cleveland Clinic Foundation and Dr. Jeffrey Moses, Columbia University 
will develop the format for submission and review of proposed publications. The 
committee will ensure accuracy of data reporting and will provide editorial assistance 
and review as needed. Investigators will be required to submit requests for 
presentation or publication for committee review and approval.  Papers or abstracts 
(other than methodology) will not be submitted until the final data lock for panel 
review.  Any requests for substudies must be submitted to the Co-Chairman for 
formal review.  Any substudies that would increase the potential risk to the patient 
will not be considered.   

9.6  Database Management 

The database management center will provide data management through an 
electronic data capture (EDC) system.  The database management center will also 
be responsible for providing clean data sets to DCRI for statistical analysis and 
reporting of the DSMB and CEC. 

9.7  Investigator Access to the Data and Publication Policies   

Publication or presentation of the overall clinical study results of study devices which 
have not been released, and which still may be undergoing development, requires 
the prior written approval of Edwards Lifesciences.  Notwithstanding the foregoing, 
Investigators are free to publish or present their own clinical study data subject to 
review by Edwards Lifesciences prior to submission or presentation, but data 
analyses of site-specific results may occur only at intervals explicitly defined in the 
analysis plan.  Publication or presentation of the Investigator’s site-specific clinical 
study results of devices which have not been market released and which still may be 
undergoing development, shall not include claims of device safety and effectiveness 
and will require the review and approval of Edwards Lifesciences.  If Edwards 
Lifesciences approves of the publication or presentation of the overall clinical results 
then Institutions and Investigators will comply with the protocol set forth in the 
Clinical Studies Agreement. 

At the conclusion of the trial, a multi-center abstract reporting the primary results will 
be prepared and presented at a major cardiovascular meeting.  A multi-center 
publication will also be prepared for publication in a reputable scientific journal.  The 
publication of results from any single center experience within the trial is strongly 
discouraged until one year following the trial’s termination, in order to allow for 
preparation and publication of the multi-center results.  Such analyses, as well as 
other proposed investigations by members of the Steering Committee, will require 
the approval of the Executive Operations Committee.  We anticipate many 
secondary manuscripts with principal authorship drawn from members of the 
Steering Committee.  For purposes of timely abstract presentation and publication, 
such secondary publications will be delegated to the appropriate principal authors, 
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and final analyses and manuscript review for all multi-center data will require the 
approval of the Executive Operations Committee. 

Edwards Lifesciences will provide statistical support for the publication process.  
Authors may also request the services of an independent statistician. 
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10 Administrative Responsibilities 
 

10.1 Institutional Review Board (IRB)/Ethics Committee (EC) Information 

This protocol and the informed consent must be reviewed and approved by the 
appropriate IRB/EC where the trial is to be conducted before enrollment of patients.  
Changes to the protocol that may increase the risk or present new risks to the 
patient, or may adversely affect the validity of the trial, must be approved in writing 
by Edwards Lifesciences, FDA and the IRB/EC before the change is implemented. 

10.1.1 Reviewing Institutions 

Up to 30 institutions in the US and up to five institutions outside the US will 
participate in the trial. 

10.1.2 Institutional Review Board/EC Approval Letter 

Institutional Review Board (IRB)/Ethics Committee (EC) approval to participate in this 
trial is required from each institution participating in this investigation.  Prior to patient 
enrollment, a signed copy of the IRB/EC approval letter addressed to the investigator 
must be submitted to Edwards Lifesciences certifying trial approval.  Investigators 
are responsible for submitting and obtaining initial and continuing review (at intervals 
not greater than once a year) of the trial by their IRB/EC. 

10.1.3 Patient Informed Consent 

Informed consent is mandatory and must be obtained from all patients (or their legal 
guardian) prior to their participation in this trial. 

The Patient Informed Consent Form is included in Appendix C.  Any modifications to 
the Patient Informed Consent Form must be approved by Edwards Lifesciences, 
FDA and, as necessary, by the IRB/EC. 

A copy of the IRB/EC approved Patient Informed Consent Form along with a copy of 
each patient’s signed consent form must be maintained by each investigator in a 
designated clinical trial administrative file.  A signed copy of the consent form must 
be given to each patient. 

10.2 Confidentiality 

All information and data sent to the data management center concerning patients or 
their participation in this trial will be considered confidential.  Only authorized data 
management center personnel will have access to these confidential files.  
Authorized personnel from the regulatory authorities have the right to inspect and 
copy all records pertinent to this trial.  All data used in the analysis and reporting of 
this evaluation will be without identifiable reference to the patient. 
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10.3 Data Monitoring and Quality Control 

10.3.1 Electronic Case Report Forms (e-CRFs) 

Electronic CRFs (e-CRFs) will be used to collect all patient data during the trial.  
Paper copies will be available for printing on the website.  An e-mail notification will 
be sent to Edwards Lifesciences, the data management center, and CRO, when 
enrollment data is collected into the website.  E-CRFs must be fully completed for 
each patient, and signed electronically by the investigator and/or designee. If for any 
reason the eCRFs are unavailable, or access to the electronic database is limited, 
paper CRF forms must be completed and submitted to study manager. The eCRFs 
should be completed at the first earliest opportunity. 

10.3.2 Data Reporting 

The investigator, or an individual designated by him/her, is responsible for recording 
all data from the trial onto the e-CRFs supplied by the data management center.  

The investigator is required to provide an electronic signature on the appropriate e-
CRF pages to verify that he/she has reviewed the recorded data. 

Completed e-CRFs will be reviewed at the investigational site and remotely by 
authorized Edwards Lifesciences personnel at regular intervals throughout the trial.  To 
this end, the investigator must permit inspection of the trial paper files and patient e-
CRFs by such representatives and/or responsible government agencies. 

Data submission will be monitored closely. Sites with incomplete or outstanding CRFs 
(CRFs or database to be completed within 10 days of procedure or follow-up events) 
may be prohibited from enrollment until data submission is current. 

10.3.3 Data Review 

All e-CRFs will be tracked at the data management center and missing or unclear 
data will be requested as necessary throughout the trial.  Edwards Lifesciences 
and/or its data management center will request further documentation such as 
physician and/or cardiac catheterization lab procedure notes when complications, 
MACCE, expanded safety composite events, or malfunctions are observed and 
reported. 

For purposes of safety review and event adjudication the members of the DSMB and 
CEC will have access to all necessary safety and event data. 

10.4 Records and Reports 

10.4.1 Records 

Records to be maintained by the investigator include: 

� Clinical trial investigational plan and all amendments 
� Signed clinical trial agreement 
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� IRB/EC approval letter, including informed consent 
� IRB/EC membership list 
� Correspondence relating to the trial 
� CVs for all investigators and research coordinator 
� Site personnel signature list 
� Clinical monitor sign-in log 
� Blank set of e-CRFs and instructions for completion 
� Patient screening/enrollment log 
� Lab certification and lab test normal ranges 
� Reports (includes annual reports, final reports from investigator and sponsor) 
 
The following records must be maintained for each patient enrolled in the trial: 
� Signed Patient Informed Consent Form 
� All completed e-CRFs 
� Supporting documentation of any complications, serious adverse events, 

MACCE and/or expanded safety composite events  
 
Edwards Lifesciences requests that the investigator retain copies of procedure 
reports, procedure nursing notes and the results of any interventional procedures 
that occurs post trial procedure.  Edwards Lifesciences reserves the right to secure 
data clarification and additional medical documentation on patients enrolled in this 
trial. 

10.4.2 Reports 

The data management center will make online reports on this investigation available 
for Edwards Lifesciences and CRO when necessary.  Both real time reporting and ad 
hoc reporting tools are being developed. 

10.5 Investigator’s Final Report 

Upon completion or termination of the Edwards Lifesciences PARTNER (US) Trial, 
the principal investigator must submit a final written report to Edwards Lifesciences 
and the IRB/EC as required by the regulations.  The report must be submitted within 
3 months of completion or termination of the trial. The investigator’s final report will 
include: 

�Introduction:  A brief description of the rationale and objectives of the 
trial. 

�Methods:  A description of the methods employed and any 
deviations from the investigational plan. 

�Trial Population:  A statement of the number of patients evaluated; of the 
number of dropouts and reasons for them; and 
description of the initial nature and severity of medical 
conditions for which the patients were evaluated. 
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�Results and Discussions: A clinical assessment of the effect of the investigational 
treatment on the medical condition of the patients and 
a description of complications reported with an 
indication of their relationship to the investigational 
treatment. 

�Conclusion:  A summary statement of the principal investigator’s 
opinion of the effectiveness of the investigational 
treatment in the patients enrolled at his/her 
investigational site. 

10.6 Labeling:  Instructions for Use 

The Instructions for Use for use of the study device with the transfemoral and 
transapical delivery systems are included with each shipment.  The Instructions for 
Use for other approved devices are packaged with each device by their respective 
manufacturers. 

10.7 Deviations from Protocol 

The investigator will not deviate from the protocol without the prior written approval of 
Edwards Lifesciences except in medical emergencies or in unforeseen, isolated 
instances where minor changes are made that will not increase the patient’s risk or 
affect the validity of the trial.  In medical emergencies, prior approval for protocol 
deviations will not be required, but the Edwards Lifesciences clinical research 
personnel must be notified within 2 days of the incident. Periodic monitoring of 
protocol compliance will be performed for each site. The sponsor holds the right to 
hold enrollment in sites deemed to have excessive protocol compliance issues.
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11 Adverse Event Reporting 
 
All adverse events (AEs) will be reported by the Investigator and reviewed by the 
Sponsor in compliance with applicable regulations.   
 
At each evaluation, the investigator will determine whether any adverse events (AEs) 
have occurred as well as the relation of this event to the device and to the procedure 
and whether or not the event meets serious criteria (death, life-threatening, 
hospitalization, permanent impairment, requiring intervention to prevent permanent 
impairment). For the purpose of this protocol, an adverse event is any undesirable 
medical occurrence in a subject. This definition does not depend on a causal 
relationship with the device or the protocol requirements. Evaluation of each AE will 
be done by the Investigator before the data entry on the Case Report Form. 
 
Adverse events may be volunteered by patients, elicited from questioning by 
Investigator or designee, or collected via observation by the Investigator.  Adverse 
events reported by the patients, will be assessed by the Investigator who will 
determine whether or not the event is related to the device and/or procedure, and 
whether or not the event meets serious criteria. If it is determined that an AE has 
occurred, the investigator should obtain all the information required to complete the 
AE Form of the CRF.   
 
In addition, patients will be instructed to contact the investigator, and/or study 
coordinator if any significant adverse events (e.g., MACCE and/or expanded safety 
composite events) occur between study evaluation visits.  
 
AE Reporting Period:  
Adverse events (AEs) are reported beginning from enrollment date until subject 
participation has ended (i.e. completion of study or withdrawal of consent).  Adverse 
events must be followed until resolution, AE has stabilized, or the study has been 
completed.  
 
Pre-existing condition:  
Pre-existing medical conditions or symptoms reported prior to device implantation 
will not be recorded as an AE. In the event there is a change in the pre-existing 
medical condition or symptoms due to the device or study related procedure, then an 
AE must be recorded.   
 
Severity 
The following categories of adverse event severity are to be used:  

� Mild: Awareness of a sign or symptom that does not interfere with the 
patient’s usual activity or is transient, resolves without treatment and with no 
sequelae  

� Moderate: Interferes with the patient’s usual activity and/or requires 
symptomatic treatment  

� Severe: Symptom(s) causing severe discomfort and significant impact on the 
patient’s usual activities and/or requires treatment  

 
Causality 
The causal relationship to the device and the procedure should be rated as follows:  
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� None: The event is not associated with the device or procedure.  
� Remote: The temporal sequence between device or procedure and the event 

is such that the relationship is unlikely  
� Possible: The temporal sequence between the device or procedure and the 

event is such that the relationship is not unlikely or there is no contradicting 
evidence that can reasonably explain the subject’s condition.   

� Probable or Definite: The temporal sequence is relevant or the event abates 
upon device application completion/removal or the event cannot be 
reasonably explained by the patient’s condition or comorbidities.  

 
Serious Adverse Events 
  
An Adverse Event is considered serious if the event:  

� Leads to death,  
� Leads to a serious deterioration in the health of the subject that:  

o Results in life-threatening illness or injury;  
o Results in a permanent impairment of a body structure or a body function;  
o Requires inpatient hospitalization or prolongation of existing 

hospitalization;  
o Results in medical or surgical intervention to prevent permanent 

impairment to body structure or a body function;  
� Leads to fetal distress, fetal death or a congenital abnormality or birth defect. 

 
All Serious Adverse Events (SAE) must be reported to Edwards Lifesciences within 
24 hours of the Investigator becoming aware of the event.  At the time of initial 
notification, the following minimal information must be provided: 

 
� Identifiable patient: subject number 
� Identifiable reporter: study site 
� Adverse event 
� Causal relationship to device and procedure 

 
In addition, all MACCE and expanded safety composite events are considered to be 
serious and also need to be reported to sponsor within 24 hours of the Investigator 
becoming aware of the event.  The AE Forms of the CRF must be completed within 7 
working days of awareness for all SAEs, MACCE and expanded safety composite 
events.  
   
Source Documentation Collection 
 
Following the report of any SAE or MACCE and expanded safety composite events, 
the site will provide to Edwards Lifesciences Safety (or Edwards Lifesciences 
designee) a copy of supporting documentation (such as hospitalization records, 
laboratory results, consultation report, autopsy results) related to the reported event 
as soon as possible or available. 
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Anticipated Adverse Events 
 
Anticipated adverse events are AEs that have been identified as possible adverse 
events related to the investigational device, or procedure.  The anticipated events in 
this study are outlined in Section 3.2.   

 
Unanticipated Adverse Device Effects 
 
Unanticipated adverse device effects (UADE) are defined as any serious adverse 
effect on health or safety or any life-threatening problem or death caused by, or 
associated with, a device, if that effect, problem, or death was not previously 
identified in nature, severity, or degree of incidence in the investigational plan or 
application (including a supplementary plan or application), or any other 
unanticipated serious problem associated with a device that relates to the rights, 
safety, or welfare of subjects. 

 
All UADEs must be reported to Edwards Lifesciences within 24 hours of the 
Investigator becoming aware of the event.  The AE Forms of the CRF must be 
completed with 7 working days for all UADEs. The Investigator is also responsible for 
notifying his/her EC/IRB of all UADEs occurring at his/her site no later than 10 days 
after the investigator first learns of the effect (and any additional information as 
required by EC/IRB or local regulations). 

 
All UADE adverse events must be followed until resolution or until a stable clinical 
endpoint is reached. All required treatments and outcomes of the UADE adverse 
event must be recorded.  

 
Edwards will notify FDA as well as all participating clinical investigators and IRBs of 
all UADEs that occur during this study within 10 working days after he/she first 
receives notice of the effect.  Investigators are responsible for reviewing information 
received about UADEs.

 
Contacting the Sponsor Regarding Safety  
 
The name and telephone number of the individual who should be contacted 
regarding safety issues as well as the source documentation collection is listed on 
Contact list of this protocol.  

 
Reasons for Withdrawal 
 
Every patient should be encouraged to remain in the study until they have completed 
the protocol-required follow-up period. If the patient discontinues prematurely from 
the study, the reason for discontinuation must be documented. Possible reasons for 
premature discontinuation may include, but are not limited to the following:  
� Withdrawal of consent: Patient decides to withdraw from the study.  
� Lost to follow-up – All patients should be encouraged to return to the clinic for 

evaluation during long term follow-up. If a patient is unable to return to the clinic, 
3 separate telephone calls should be made to attempt to bring the patient back 
into the clinic or obtain safety information. All attempts should be documented in 
the source documents. If the patient does not respond to the 3 telephone calls 
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then the Investigator will send a certified letter to the subject. The patient will be 
considered lost to follow-up if this communication is unsuccessful. Patients who 
discontinue prematurely will be included in the analysis of results, and will not be 
replaced.
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12  Study Data Reporting and Processing  
 

12.1 Study Data Collection 

The final set of electronic case report forms (e-CRFs) is designed to accommodate 
the specific features of the study design.  Modification of e-CRFs will only be made if 
deemed necessary by the Executive Operations and Steering Committees. 
 
The following is a list of e-CRFs to be submitted by the investigator or designee: 

� Patient Enrollment CRF 
� Baseline CRFs 
� CRFs through Discharge 
� Clinical Follow-up CRFs 
� Adverse Event CRFs (this e-CRF includes the type of adverse events) 
� Study Exit CRF 
� Protocol Deviation CRF 
 
Other data and reports detailed in the following table should be made available to the 
sponsor and the respective core lab as outlined in Table 7. 

Table 7.  Responsibilities for Submitting Other Data 
Type of Data Prepared by Investigator For 
EQoL Forms: Baseline, 30 Day, 6 and 12 
Month EQoL Core Lab 

Echocardiograms: Baseline, Discharge, 30 
Day, 3, 6, 12, and Annually thereafter to 5 
Years Post Procedure, and Other 

Echocardiography Core Lab 

ECGs:  Enrollment, 48 Hours Pre-
Procedure, Discharge, 30 Day, 3, 6 and 12 
Month, and Other 

ECG Core Lab 

Explanted Valves Histology Core Lab  
Supporting documentation of any serious 
adverse event, MACCE or expanded safety 
composite events 

Edwards Lifesciences 

 
12.2 Site Data Monitoring and Quality Control 

Primary data collection based on source-documented hospital chart reviews will be 
performed by study coordinators at each clinical site.  Electronic CRFs will be 
completed online. All applicable e-CRFs will be automatically available to the study 
coordinator as new patients are enrolled in the study.  Due to this reason a data form 
inventory process is not needed. 

All clinical sites will be monitored periodically by the sponsor for protocol adherence, 
accuracy of e-CRFs, and compliance to applicable regulations.  Evident patterns of 

118



The PARTNER-US IDE Trial Edwards Lifesciences 
with Continued Access and Post-Approval Study 

 

Version 5.0 November 2011 CONFIDENTIAL Page 119 
 

non-compliance with respect to these standards will be cause for the site to be put 
on probation for a period of one month.  If corrective actions are not subsequently 
undertaken, the clinical site will be asked to withdraw from the trial.  Periodic 
compliance reports will be provided to the Executive Committee.   

12.3 Communication 

During the initial phases of the protocol, weekly or biweekly teleconference calls 
between CRO, the data management center, the sponsor monitor, and each clinical 
site will be conducted to resolve problems concerning the protocol and data 
collection.  If problems cannot be resolved immediately, an appropriate expert will be 
consulted, and an updated version of the Manual of Operations will be generated 
reflecting the solution.  Problems may be elevated to the Executive Committee as 
necessary. 

12.4 Recruitment Tracking  

An online recruitment status report will be generated by the data management center 
automatically.  The inclusion trend will allow identification of variations in recruitment 
frequency among sites.  For a well-balanced study, a normal distribution in 
recruitment is expected; however, outliers will be routinely investigated for study 
compliance. 

12.5 Data Processing and Quality Control 

The online database will reside on a central server accessible through the Internet.  
Conventional data verification sub-routines will be extensively programmed to test 
entry and logical errors, while all individual (subject based) case report forms will be 
linked for cross-reference.  Periodic analysis of each data field (across cases) will be 
performed in order to examine the expected distributions of data, and to identify 
outliers for possible data mistakes. 

Specific components of this process include: 

12.5.1 Data Entry 

The data entry is performed by a study coordinator on a dedicated website.  All data 
entered is subjected to data type verification and range checking.  The operator is 
notified of errors that may occur, and depending on the data verification sub-routines, 
the operator might need to resolve that error before moving to the next entry field. 

12.5.2 Data Cleaning 

All e-CRFs will be subjected to initial inspection for omitted data, gross data 
inconsistencies, and deviations.  The resolution of data inconsistencies will be done 
using electronic tracking and will be resolved by the clinical site. 
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12.5.3 Data Editing 

Each data record is evaluated with extensive electronic intra-form and inter-form edit 
checking on a regular interval.  If an error is discovered the clinical site research 
coordinator will be notified.  Corrections to the e-CRFs will be made by the research 
coordinator, approved by the investigator or designee and verified by the sponsor. 

12.5.4 Data Update 

The cycle of data editing will be ongoing until all the data are clean.  The sponsor or 
designee will monitor the clinical site for source documentation verification.  If further 
data entry or source documentation errors are discovered during the site visit, 
additional queries will be generated and will have to be addressed by the clinical site.  

12.5.5 Data Back-up 

Operational data is hosted for full security and availability with a leading third party 
hosting service partner that allows the data management center to provide its clients 
with the highest standards of availability and security: 

� Hosting facility is a multi-level protected environment. 
� Access is severely restricted with high-end user recognition technology. 
� Multi-points backup of critical data is standard. 
� Firewalls and other undisclosed technologies provide strong data security. 
� Availability all year-round 24 hours a day. 

 

12.5.6 Report Generation and Summary Statistics 

A customized report is generated for record keeping and scheduling, serving as an 
overview of the current database and revealing the backlog in data processing.  In 
addition, recruitment status, subjects’ baseline characteristics, and summary 
statistics of non-endpoint data can be easily scanned for outliers, and protocol 
compliance by clinical site may be determined for immediate feedback. 

12.6 Confidentiality and Protection of Study Files 

Passwords will be issued to appropriate data management personnel to ensure 
confidentiality and protection of the data by allowing variable levels of access to the 
computer system. 
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13  Training 
 
The training of appropriate clinical site personnel will be the responsibility of the Sponsor 
(see Appendix A).  To ensure proper device usage, uniform data collection, and protocol 
compliance, the Sponsor will present a formal training session to relevant study site 
personnel in accordance to roles outlined in the Delegation of Authority, which will 
review the Instructions For Use of the device, the Investigational Plan, techniques for the 
identification of eligible patients, instructions on in-hospital data collection, methods for 
soliciting data from alternative sources, schedules for follow-up with the study site 
coordinators, and regulatory requirements.  Detailed telephone, fax and email feedback 
regarding completion of forms will be provided by the Sponsor, and through regular site 
monitoring. The sponsor reserves the right to enforce retraining for sites who have 
demonstrated study or procedure compliance issues. 

. 

121



The PARTNER-US IDE Trial Edwards Lifesciences 
with Continued Access and Post-Approval Study 

 

Version 5.0 November 2011 CONFIDENTIAL Page 122 
 

14  Ethical and Regulatory Considerations 
 

14.1 Role of Edwards Lifesciences 

As the study sponsor of this clinical study, Edwards Lifesciences has the overall 
responsibility for the conduct of the study, including assurance that the study meets 
the regulatory requirements of the appropriate regulatory bodies.  In this study, the 
sponsor will have certain direct responsibilities and will delegate other responsibilities 
to the CRO and the data management center. 

14.2 General Duties 

The sponsor's general duties consist of submitting the appropriate regulatory 
applications, obtaining IRB or Ethics Committee approval prior to shipping the 
devices, selecting investigators, ensuring proper clinical site monitoring and ensuring 
subject informed consent is obtained. 

The data management center is responsible for providing the sponsor with quality 
data that satisfies regulations.   

Based on data received from the data management center, the sponsor will prepare 
written progress reports and a final report. The CRO will coordinate the DSMB, CEC, 
ECG and EQoL Core Laboratories.  

14.3 Selection of Investigators  

The sponsor will select qualified investigators, ship devices only to participating 
investigators, obtain a signed Investigator’s Agreement and provide the investigators 
with the information necessary to conduct the study. 

14.4 Monitoring  

The sponsor, or its designee, will conduct investigational site monitoring to ensure 
that all investigators are in compliance with the protocol and the Investigator’s 
Agreement.  The monitor will ensure that the completed e-CRFs match the source 
documents, and resolve differences.  The sponsor will evaluate circumstances where 
an investigator deviates from the clinical protocol and will retain the right to remove 
either the investigator or the investigational site from the study. 

The sponsor will review significant new information, including unanticipated adverse 
events and ensure that such information is provided to the DSMB, CEC, study 
investigators and to all reviewing IRB/ECs. 

14.5 Supplemental Applications  

As appropriate, the sponsor will submit changes in the Investigational Plan to the 
regulatory authority and investigators to obtain IRB/EC re-approval. 

122



The PARTNER-US IDE Trial Edwards Lifesciences 
with Continued Access and Post-Approval Study 

 

Version 5.0 November 2011 CONFIDENTIAL Page 123 
 

14.6 Maintaining Records  

The sponsor, the data management center and CRO will maintain copies of 
correspondence, all data, device shipment records, adverse device effects and other 
records related to the clinical trial as appropriate. 

Investigators or qualified, trained designees will be responsible for maintaining 
device accountability from the time of receipt of product at the clinical site through 
use or return of product to Edwards.  All investigational devices must be accounted 
for using the Device Accountability Logs.   
 
Investigational devices must be stored according to the conditions set forth for the 
device on the label in a controlled, locked area.  All device shipment records 
(packing lists, etc) must be maintained at the site. 
 
Device accountability logs will be monitored periodically by Edwards and should be 
faxed in to Edwards on a regular basis. 
 

The sponsor will maintain records related to the signed Investigator Agreements. 

14.7 Submitting Reports  

The sponsor will submit all reports required by the appropriate regulatory authority as 
identified in this section of the regulation.  This includes unanticipated adverse 
device effects, withdrawal of IRB/EC approval, current investigators list, annual 
progress reports, recall information, final reports and protocol violations. 

The data management center will notify the sponsor within 24 hours of any 
withdrawal of IRB/EC approval or protocol violations. 

14.8 Site Record Retention Policy 

All core laboratories and clinical sites will maintain study records for two years after 
marketing approval is obtained or two years after the site is notified that this research 
protocol has been terminated by the sponsor.  Record retention dates will be 
provided to all parties concerned by the sponsor. 

14.9 Informed Consent and IRB/Ethics Committees 

All subjects must provide written informed consent in accordance with the local 
clinical site’s IRB or Ethics Committee (EC).  A copy of the consent form from each 
center must be forwarded to the sponsor for review and approval.  The principal 
investigator at each site must provide the sponsor with a copy of the clinical site’s 
IRB/EC approval for the clinical protocol as well as for the informed consent form.  
Timely approvals for the continuation of the trial as well as the informed consent form 
at each clinical site must also be forwarded to the sponsor. 
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Appendix A: Training Program 
 
Note to Reviewer: Appendix A is on file at Edwards Lifesciences and will be
made available for review upon written request.
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Appendix B: Study Flow Chart 
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Appendix C: Sample Informed Consent Forms

Note to Reviewer: Appendix C is on file at Edwards Lifesciences and will be
made available for review upon written request.
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Appendix D: Echocardiographic and ECG Core Lab Procedure Manual 
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Appendix E: Economics and Quality of Life Core Lab Protocol 

156



The PARTNER-US IDE Trial Edwards Lifesciences 
with Continued Access and Post-Approval Study 

 

Version 5.0 November 2011 CONFIDENTIAL Page E-1 
 

Economics and Quality of Life Core Lab Protocol -  
Quality of Life and Cost-effectiveness Study 

 
The goal of the quality of life study is to analyze health-related quality of life in subjects 
undergoing transcatheter aortic valve replacement over the 12 month follow-up period 
and to determine the time course of improvement.   
 
The economic study will assess procedural and follow-up resource utilization for 
transcatheter aortic valve replacement.  The economic study will track cardiovascular 
resource utilization for the study enrollment, 6 and for the 12 month period following 
study enrollment. 

The Post-Approval Study (Part 1) will include the Quality of Life Instruments at the 2 
through 5 year visits (Section 5.13).  

Quality of Life Instruments 

An instrument incorporating both disease-specific and generic health status measures 
will be used to assess health-related quality of life and functional recovery specifically in 
elderly subjects with severe, symptomatic aortic stenosis.  In addition to having 
undergone extensive validation studies, the instruments are all available in multiple 
languages including English, French, German, Flemish, Italian, Spanish and 
Portuguese.  The instruments will include the following:   
 

1) Kansas City Cardiomyopathy Questionnaire (KCCQ) for assessment of 
disability and quality of life impairment due to congestive heart failure. (1) 

 
2) EuroQOL.  The EuroQOL is a generic health status instrument and rating scale 

(EQ-5D) that allows mapping of health status to population-level utility weights.  
This is an important metric for cost-effectiveness analysis. (2) 

 
3) SF 12. The SF 12 is a generic health status instrument and rating scale (EQ-5D) 

that allows mapping of health status to population-level utility weights.  This is an 
important metric for cost-effectiveness analysis. (3) 

In addition to these specific quality of life measures, a variety of clinical and 
demographic data will be collected at baseline including each subject’s age, sex, race 
and level of education.  A Charlson Comorbidity Index Score will be determined for each 
subject as well.  These data will ultimately be incorporated as covariates into planned 
multivariable analyses of the quality of life endpoints. 
 
Quality of Life Data Collection:  Baseline quality of life data, using the instruments 
described above will be obtained from each patient by written, self-administered 
questionnaire at the time of the study enrollment.  A trained research assistant at each 
site will review the questionnaires for completeness and will attempt to ask any 
incomplete or poorly understood questions.  For subjects who are hospitalized at the 
time of scheduled follow-up, the research coordinator will attempt to have the subject 
complete the quality of life survey while in the hospital or, alternatively, have a proxy 
complete the survey on the subject’s behalf.  It will be critical to obtain quality of life 
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follow-up from every eligible subject in order to ensure the validity of the cross-temporal 
comparisons. After completion of the baseline survey, the original or a photocopy will be 
transmitted to the data coordinating center for entry into the study database.  Either the 
original source document or a photocopy will be retained at the study center. 
 
Follow-up quality of life will be assessed in a similar manner by mailed questionnaires at 
30 days, 6 months and 12 months post procedure in all study patients, and will be the 
primary responsibility of the Economics and Quality of Life Assessment Group at HCRI.  
Two weeks prior to each follow-up time point, each patient will be mailed a self-
administered survey booklet and a stamped return envelope.  Any patient who fails to 
return the survey by mail will be given the survey by telephone, administered by a 
trained patient interviewer from the HCRI core laboratory.  In our experience, central 
coordination of the follow-up quality of life assessments is important in order to maximize 
compliance and ensure uniform assessment.  After completion of the follow-up survey, 
the original will be photocopied and the photocopy given to the data coordinating center 
for entry into the study database.  The original source document will be retained at 
HCRI. 
 
 
Send Completed Baseline Forms to: 
 
EQOL Assessment Group 
Harvard Clinical Research Institute 
930 Commonwealth Avenue 
Boston, MA  02215 
 

References 
 
(1) Spertus JA. Development and evaluation of the Kansas City Cardiomyopathy 

Questionnaire: a new health status measure for heart failure. J Am Coll Cardiol 
2000 Apr;35(5):1245-55. 

 
(2) Dolan P. Modeling valuations for EuroQOL health states. Medical Care. 

1997;35:1095-1108. 
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Appendix F: Histopathology Core Lab Protocol 
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HISTOPATHOLOGY CORE LAB PROTOCOL 
 
Explant Procedure and Histopathology Analysis 

Purpose
 
The purpose of the following protocol is to provide the Investigator (clinical site) with 
procedures for handling and assessing the study valve after explantation.  The 
assessment should include gross examination, identification of the primary failure mode 
and contributory factors leading to the explant (if possible), photographs and other 
documentation, and preparation of the explanted valve for shipment to the Sponsor or 
designated Histopathology Laboratory for further analysis.  Also, included is an overview 
of the procedures to be followed by the Sponsor and/or designated Histopathology 
Laboratory for gross analysis, as well as macro and micro histopathology analysis.  
Investigational valves that are removed during the THV procedure should be returned to 
the Sponsor for evaluation.  Please obtain a RGA number and return the product to: 
 
Edwards Lifesciences LLC  
1212 Alton Pkwy 
Irvine, CA  92606 
Attention:  Returned Goods 
RGA#:________________ 
 
 
Procedure for Clinical Sites (Hospital) 
 
Valve Explantation Procedure 
 
Upon autopsy (only), prior to removal of the valve from the heart, obtain in situ 
photographs of the inflow and outflow tracts, valve leaflets, and conduit tissue.  Using 
care, the valve should be excised in a fashion so as to keep the valve and surrounding 
structure as intact as possible.   
 
For all explants (those obtained at autopsy as described above or through valve 
replacement surgery following standard surgical practice), once removed the valve 
should be rinsed of all residual blood by gently agitating in sterile Lactated Ringers 
solution.   
 
Prior to shipment of the valve to the Sponsor or designated Histopathology Laboratory 
for further dissection and pathologic analysis, grossly examine the explanted tissue in 
toto and record observations on the explanted valve CRF.  Gross photographs will be 
taken of both inflow and outflow tracks. Observations of stent frame apposition and 
neointimal incorporation will be documented.  
 
Swab cultures of possibly infected areas should be taken, sent to the appropriate 
laboratory and documented in the pathology report.  If no infection is obvious, then no 
culture swab is necessary. 
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Tissue Dissection Procedure 
 
Once the valve has been explanted, grossly examined, and photographed, the tissue 
should be sent to the Sponsor or designated Histopathology Laboratory for histological 
analysis.  Place the sample into a specimen cup or equivalent container.  The specimen 
cup should contain 10% buffered formalin solution.  On the outside of the container, 
label the subject number, valve serial number, site number, and date of explant.  The 
tissues will be examined at the Sponsor or designated histopathology laboratory to 
determine the morphology of the tissue/valve, as well as to assess leaflet calcification, 
and general histopathology.  The valve tissues will be stained with H&E, Von Kossa, or 
other relevant stains and will be reviewed by a certified pathologist. 
 
Fixation
 
Explanted study valve samples shall be submitted in 10% formalin. 
 
Documentation
 
Please provide the following supporting documents to enable complete explant 
assessment.  The documents should enable the Sponsor to determine explant date, 
duration of implant, surgical pathology, mediating subject history, reason for reoperation, 
gross description, and pathology notes.  The documents may be returned with the 
shipped tissue. 
 
� Operative report dictated at the explant 
� Sponsor Case Report Forms 
� Pathology report (once available) 
� Blood study results (once available) 
� Preoperative Echocardiographic Report (Just Prior to Explant) 
 
Tissue Shipment 
 
Place the specimen container within two, separately sealed biohazard plastic bags.  
Place the sealed sample in a small non-crushable box.  Ship the tissue to the Sponsor’s 
designated Histopathology Laboratory by Federal Express PRIORITY (Sponsor billing 
number 0900-2768-9) or equivalent shipping service: 
 
Send to:    CV Path 

Attn: Dr. Renu Virmani 
19 Firstfield Rd 
Gaithersburg, MD 20878 

 
Procedure for Evaluation at Sponsor or Designated Histopathology Laboratory 
 
Gross Examination and Photographs 
 
If possible, photographs should be taken at each stage of dissection to better document 
observations.  Assessment of the valve leaflets and commissures will include presence 
of leaflet fenestrations, tears, thrombus formations and calcified nodules.  Photographs 
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will be taken of all suspected abnormalities.  The gross examination should include 
macroscopic assessment of the following: 
 
� Mobility and shape of leaflets; � Calcification (leaflet and conduit); 
� Host tissue overgrowth; � Evidence of infection; 
� Leaflet wear or degeneration; � Aneurysm formation; 
� Leaflet thickness; � Valve thrombosis; 
� Leaflet fenestrations; � Tissue rejection; 
� Fibrosis sheathing; � Inflammation. 
 
 
Radiographic Analysis 
 
Additionally, X-rays will be taken of all valve/devices to assess placement and apposition 
of the stent frame to the host vessel and to identify leaflet calcification.  X-rays will be in 
both transverse and longitudinal planes. 
 
Dissection and Sampling 
 
A portion of each valve assembly, to include one commissure and one half of each 
adjacent valve leaflet, will be removed from the assembly and submitted for scanning 
electron microscopic examination.  The portion will be removed by making two 
longitudinal cuts through the length of the host vessel and metal stent frame.  The 
remaining valve leaflets will be excised away at the point of attachment to the assembly.  
 
Scanning Electron Microscopy 
 
Scanning electron microscopy will be employed to assess degree of intimal incorporation 
of the metal stent frame, endothelial coverage of the host vessel neointima and valve 
leaflets.  Leaflet surface topology will be assessed and any defects in the surface 
identified.  
 
Histopathology Evaluation 

Paraffin: 
 
Valve leaflets will be inked on the outflow surfaces to maintain orientation.  Serial slices 
of the leaflets will be made from base to free edge and flat embedded for cross-sectional 
examination.  Hematoxylin and eosin, trichrome, Movat pentachrome, Von Kossa 
calcium, and Phosphotungstic acid-hematoxylin stains will be performed on all sections. 
 
Plastic:
 
The remaining valve assembly (minus the portion removed for SEM) will be processed 
and embedded in methylmethacrylate plastic.  Transverse sections will be sawed and 
ground from the area of the superior tip of the first stent strut (proximal end), from the 
mid portion near the proximal end of the short bar assembly (not to include PET skirt) 
and from the distal end through the short bar assembly and commissures. 
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Transmission electron microscopy (TEM) 
 
One half of each valve leaflet from the mid-portion will be reserved for transmission 
electron microscopy.  The section will be of full leaflet thickness, flat embedded in epoxy 
resin and cross-sectioned.  TEM will be employed to assess collagen integrity and 
calcium deposition. 
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Appendix G: NIH Stroke Scale Assessment 
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Date of Exam: _______/_______/_______ Time:    :

Interval:     [  ] Baseline        [  ] During procedure        [  ] Discharge / 7 days          [  ] 30-days 
        [  ] 6 months       [  ] 12 months                   [  ] Other        (specify) 

EDWARDS LIFESCIENCES LLC Page 1 of 8 NIH Stroke Scale Form 
Rev. A - February 2007  Study 2006-06-US 

Subject ID# 

          

Administer stroke scale items in the order listed.  Record performance in each category after each subscale exam.  
Do not go back and change scores.  Follow directions provided for each exam technique.  Scores should reflect what 
the patient does, not what the clinician thinks the patient can do.  The clinician should record answers while 
administering the exam and work quickly.  Except where indicated, the patient should not be coached (i.e., repeated 
requests to patient to make a special effort). 

NOTE: 

If there is an increase from the baseline stroke scale score, or evidence of a suspected stroke or TIA, capture the 
increase as an adverse neurological event and document the reason for the score increase. Administer the NIH 
Stroke Scale 30 days and 60 days after any neurological adverse event. 

   
Instructions Scale Definitions Score 

1a. Level of Consciousness: The investigator must choose a 
response if a full evaluation is prevented by such obstacles as an 
endotracheal tube, language barrier, orotracheal trauma/bandages.  
A 3 score is scored only if the patient makes no movement (other 
than reflexive posturing) in response to noxious stimulation. 

0 = 

1 =

2 =

3 = 

Alert; keenly responsive. 

Not alert; but arousable by minor stimulation to obey, 
answer, or respond. 

Not alert; requires repeated stimulation to attend, or is 
obtunded and requires strong or painful stimulation to make 
movements (not stereotyped). 

Responds only with reflex motor or autonomic effects or 
totally unresponsive, flaccid, and flexic. 

_____

1b. LOC Questions: The patient is asked the month and his/her 
age.  The answer must be correct – there is no partial credit for 
being close.  Aphasic and stuporous patients who do not 
comprehend the questions will score 2.  Patients unable to speak 
because of endotracheal intubation, orotracheal trauma, severe 
dysarthria from any cause, language barrier, or any other problem 
not secondary to aphasia are given a 1.  It is important that only the 
initial answer be graded and that the examiner not “help” the 
patient with verbal or non-verbal cues. 

0 = 

1 = 

2 = 

Answers both questions correctly. 

Answers one question correctly. 

Answers neither question correctly. _____

1c. LOC Commands: The patient is asked to open and close the 
eyes and then to grip and release the non-paretic hand.  Substitute 
another one step command if the hands cannot be used.  Credit is 
given if an unequivocal attempt is made but not completed due to 
weakness.  If the patient does not respond to command, the task 
should be demonstrated to him or her (pantomime), and the result 
scored (i.e., follows none, one or two commands).  Patients with 
trauma, amputation, or other physical impediments should be given 
suitable one-step commands.  Only the first attempt is scored. 

0 = 

1 = 

2 = 

Performs both tasks correctly. 

Performs one task correctly. 

Performs neither task correctly. _____

2. Best Gaze: Only horizontal eye movements will be tested.  
Voluntary or reflexive (oculocephalic) eye movements will be 
scored, but caloric testing is not done.  If the patient has a 
conjugate deviation of the eyes that can be overcome by voluntary 
or reflexive activity, the score will be 1.  If a patient has an isolated 
peripheral nerve paresis (CN III, IV or VI), score a 1.  Gaze is 
testable in all aphasic patients.  Patients with ocular trauma, 
bandages, pre-existing blindness, or other disorder of visual acuity 
or fields should be tested with reflexive movements, and a choice 
made by the investigator.  Establishing eye contact and then 
moving about the patient from side to side will occasionally clarify 
the presence of a partial gaze palsy. 

0 = 

1 =

2 = 

Normal. 

Partial gaze palsy; gaze is abnormal in one or both eyes, 
but forced deviation or total gaze paresis is not present. 

Forced deviation, or total gaze paresis not overcome by the 
oculocephalic maneuver. _____

Page H-1G-1
G-1
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Date of Exam: _______/_______/_______ Time:    :

Interval:     [  ] Baseline        [  ] During procedure        [  ] Discharge / 7 days          [  ] 30-days 
        [  ] 6 months       [  ] 12 months                   [  ] Other        (specify) 

EDWARDS LIFESCIENCES LLC Page 2 of 8 NIH Stroke Scale Form 
Rev. A - February 2007  Study 2006-06-US 

Subject ID# 

          

   
Instructions Scale Definitions Score 

3. Visual: Visual fields (upper and lower quadrants) are tested by 
confrontation, using finger counting or visual threat, as appropriate.  
Patients may be encouraged, but if they look at the side of the 
moving fingers appropriately, this can be scored as normal.  If 
there is unilateral blindness or enucleation, visual fields in the 
remaining eye are scored.  Score 1 only if a clear-cut asymmetry, 
including quadrantanopia, is found.  If patient is blind from any 
cause, score 3.  Double simultaneous stimulation is performed at 
this point.  If there is extinction, patient receives a 1, and the results 
are used to respond to item 11. 

0 = 

1 = 

2 = 

3 = 

No visual loss. 

Partial hemianopia. 

Complete hemianopia. 

Bilateral hemianopia (blind including cortical blindness). 
____

4. Facial Palsy: Ask – or use pantomime to encourage – the 
patient to show teeth or raise eyebrows and close eyes.  Score 
symmetry of grimace in response to noxious stimuli in the poorly 
responsive or non-comprehending patient.  If facial 
trauma/bandages, orotracheal tube, tape or other physical barriers 
obscure the face, these should be removed to the extent possible. 

0 = 

1 =

2 =
3 = 

Normal symmetrical movements. 

Minor paralysis (flattened nasolabial fold, asymmetry on 
smiling). 

Partial paralysis (total or near-total paralysis of lower face). 

Complete paralysis of one or both sides (absence of facial 
movement in the upper and lower face). 

____

5. Motor Arm: The limb is placed in the appropriate position: 
extend the arms (palms down) 90 degrees (if sitting) or 45 degrees 
(if supine).  Drift is scored if the arm falls before 10 seconds.  The 
aphasic patient is encouraged using urgency in the voice and 
pantomime, but not noxious stimulation.  Each limb is tested in 
turn, beginning with the non-paretic arm.  Only in the case of 
amputation or joint fusion at the shoulder, the examiner should 
record the score as untestable (UN), and clearly write the 
explanation for this choice. 

0 = 

1 =

2 =

3 = 

4 = 

UN = 

5a.

5b.

No drift; limb holds 90 (or 45) degrees for full 10 seconds. 

Drift; limb holds 90 (or 45) degrees, but drifts down before 
full 10 seconds; does not hit bed or other support. 

Some effort against gravity; limb cannot get to or maintain 
(if cued) 90 (or 45) degrees, drifts down to bed, but has 
some effort against gravity. 

No effort against gravity; limb falls. 

No movement. 

Amputation or joint fusion, explain:     

Left Arm 

Right Arm 

____

____

6. Motor Leg: The limb is placed in the appropriate position: hold 
the leg at 30 degrees (always tested supine).  Drift is scored if the 
leg falls before 5 seconds.  The aphasic patient is encouraged 
using urgency in the voice and pantomime, but not noxious 
stimulation.  Each limb is tested in turn, beginning with the non-
paretic leg.  Only in the case of amputation or joint fusion at the 
hip, the examiner should record the store as untestable (UN), and 
clearly write the explanation for this choice. 

0 = 

1 =

2 =

3 = 

4 = 

UN = 

6a.

6b.

No drift; leg holds 30-degree position for full 5 seconds. 

Drift; leg falls by the end of the 5-second period but does 
not hit bed. 

Some effort against gravity; leg falls to bed by 5 seconds, 
but has some effort against gravity. 

No effort against gravity; leg falls to bed immediately. 

No movement. 

Amputation or joint fusion, explain:      

Left Leg 

Right Leg

_____

_____
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Date of Exam: _______/_______/_______ Time:    :

Interval:     [  ] Baseline        [  ] During procedure        [  ] Discharge / 7 days          [  ] 30-days 
        [  ] 6 months       [  ] 12 months                   [  ] Other        (specify) 

EDWARDS LIFESCIENCES LLC Page 3 of 8 NIH Stroke Scale Form 
Rev. A - February 2007  Study 2006-06-US 

Subject ID# 

          

   
Instructions Scale Definitions Score 

7. Limb Ataxia: This item is aimed at finding evidence of a 
unilateral cerebellar lesion.  Test with eyes open.  In case of visual 
defect, ensure testing is done in intact visual field.  The finger-
nose-finger and heel-shin tests are performed on both sides, and 
ataxia is scored only if present out of proportion to weakness.  
Ataxia is absent in the patient who cannot understand or is 
paralyzed.  Only in the case of amputation or joint fusion, the 
examiner should record the score as untestable (UN), and clearly 
write the explanation for this choice.  In case of blindness, test by 
having the patient touch nose from extended arm position. 

0 = 

1 = 

2 = 

UN = 

Absent. 

Present in one limb. 

Present in two limbs. 

Amputation or joint fusion, explain:      

_____

8. Sensory: Sensation or grimace to pinprick when tested, or 
withdrawal from noxious stimulus in the obtunded or aphasic 
patient.  Only sensory loss attributed to stroke is scored as 
abnormal and the examiner should test as many body areas (arms 
[not hands], legs, trunk, face) as needed to accurately check for 
hemisensory loss.  A score of 2, “severe or total sensory loss,” 
should only be given when a severe or total loss of sensation can 
be clearly demonstrated.  Stuporous and aphasic patients will, 
therefore, probably score 1 or 0.  The patient with brainstem stroke 
who has bilateral loss of sensation is scored 2.  If the patient does 
not respond and is quadriplegic, score 2.  Patients in a come (item 
1a=3) are automatically given a 2 on this item. 

0 = 

1 =

2 = 

Normal; no sensory loss. 

Mild-to-moderate sensory loss; patient feels pinprick is less 
sharp or is dull on the affected side; or there is a loss of 
superficial pain with pinprick, but patient is aware of being 
touched.

Severe to total sensory loss; patient is not aware of being 
touched in the face, arm, and leg. 

_____

9. Best Language: A great deal of information about 
comprehension will be obtained during the preceding sections of 
the examination.  For this scale item, the patient is asked to 
describe what is happening in the attached picture, to name items 
on the attached naming sheet and to read from the attached list of 
sentences.  Comprehension is judged from responses here, as well 
as to all of the commands in the preceding general neurological 
exam.  If visual loss interferes with the tests, ask the patient to 
identify objects placed in the hand, repeat, and produce speech.  
The intubated patient should be asked to write.  The patient in a 
coma (item 1a=3) will automatically score 3 on this item.  The 
examiner must choose a score for the patient with stupor or limited 
cooperation, but a score of 3 should be used only if the patient is 
mute and follows no one-step commands. 

0 = 

1 = 

2 =

3 = 

No aphasia; normal. 

Mild-to-moderate aphasia; some obvious loss of fluency or 
facility of comprehension, without significant limitation on 
ideas expressed or form of expression.  Reduction of 
speech and/or comprehension, however, makes 
conversation about provided materials difficult or 
impossible.  For example, in conversation about provided 
materials, examiner can identify picture or naming card 
content from patient’s response. 

Severe aphasia; all communication is through fragmentary 
expression; great need for inference, questioning, and 
guessing by the listener.  Range of information that can be 
exchanged is limited; listener carries burden of 
communication.  Examiner cannot identify materials 
provided from patient response. 

Mute, global aphasia; no usable speech or auditory 
comprehension. 

_____

10. Dysarthria: If patient is thought to be normal, an adequate 
sample of speech must be obtained by asking patient to read or 
repeat words from the attached list.  If the patient has severe 
aphasia, the clarity of articulation of spontaneous speech can be 
rated.  Only if the patient is intubated or has other physical barriers 
to producing speech, the examiner should record the score as 
untestable (UN), and clearly write an explanation for this choice.  
Do not tell the patient why he or she is being tested. 

0 = 

1 =

2 =

UN = 

Normal.  

Mild-to-moderate dysarthria; patient slurs at least some 
words and, at worst, can be understood with some difficulty. 

Severe dysarthria; patient’s speech is so slurred as to be 
unintelligible in the absence of or out of proportion to any 
dysphasia, or is mute/anarthric. 

Intubated or other physical barrier,  
explain:         

_____
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Date of Exam: _______/_______/_______ Time:    :

Interval:     [  ] Baseline        [  ] During procedure        [  ] Discharge / 7 days          [  ] 30-days 
        [  ] 6 months       [  ] 12 months                   [  ] Other        (specify) 

EDWARDS LIFESCIENCES LLC Page 4 of 8 NIH Stroke Scale Form 
Rev. A - February 2007  Study 2006-06-US 

Subject ID# 

          

   
Instructions Scale Definitions Score 

11. Extinction and inattention (formerly Neglect): Sufficient 
information to identify neglect may be obtained during the prior 
testing.  If the patient has a severe visual loss preventing visual 
double simultaneous stimulation, and the cutaneous stimuli are 
normal, the score is normal.  If the patient has aphasia but does 
appear to attend to both sides, the score is normal.  The presence 
of visual spatial neglect or anosagnosia may also be taken as 
evidence of abnormality.  Since the abnormality is scored only if 
present, the item is never untestable. 

0 = 

1 =

2 = 

No abnormality. 

Visual, tactile, auditory, spatial, or personal inattention or 
extinction to bilateral simultaneous stimulation in one of the 
sensory modalities. 

Profound hemi-inattention or extinction to more than one 
modality; does not recognize own hand or orients to only 
one side of space. 

_____

Print Name of Person Administering Scale
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1.0 INTRODUCTION 

The Data and Safety Monitoring Board (DSMB) is the primary data and safety advisory  
group for the  PARTNER Trial entitled “THE PARTNER TRIAL: Placement of AoRTic 
TraNscathetER Valves Trial”. The DSMB reviews study data, evaluates the treatment for 
excess adverse events, judges whether the overall conduct and integrity of the study remain 
acceptable, and makes recommendations to the Chairman of the Executive Operations 
Committee. The chair of the Executive Operations Committee will notify Edwards 
Lifesciences regarding recommendations of potential protocol/study modifications. 

2.0 COMPOSITION OF THE DSMB

The DSMB consists of five members (see Appendix A). All members have experience and 
expertise in their field of practice and in the conduct of device clinical trials. Members will be 
selected by the Executive Operations Committee. 

Each member of the committee is expected to serve for the duration of the trial.  In the 
unlikely event that a member is unable to continue participation on the DSMB, the DSMB 
Chairperson in conjunction with the Executive Operations Committee will select a 
replacement. 

 3.0 FUNCTIONS AND RESPONSIBILITIES OF THE DSMB 

Specific responsibilities include the following: 

1. Edwards Lifesciences will inform the DSMB of any potential safety concern(s) that 
were previously unreported. 

2. Edwards Lifesciences is responsible for notifying regulatory authorities and 
investigators if necessary. Edwards Lifesciences will be responsible for expedited 
regulatory reporting of unanticipated adverse device effects according to regulations. 

3.  The Trial Statistician, appointed by Edwards LifeSciences, will prepare summary 
reports of relevant data for the DSMB.  

4. During the closed sessions of the DSMB conference call, the trial statistician will be 
available for the presentation of results and entire discussion portion of all calls to 
answer questions. However, it remains the prerogative of the DSMB to determine if 
any or all portions of DSMB conference calls are limited to members of the DSMB. 

5. Following every DSMB conference call or meeting, the Chairman will prepare a 
summary letter detailing the findings of the Board and any recommendations to the 
Chairman of the Executive Operations Committee. 
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6. The Executive Operations Committee will review the DSMB recommendations as 
outlined in figure 1 specified below. 

     Actions upon receipt of a DSMB recommendation: 

                                      

4.0 CONDUCT AND FUNCTIONS OF THE DSMB  

4.1 Open Session of the DSMB 

The first face to face meeting of the DSMB will be an organizational meeting. This 
meeting is intended to formally establish the DSMB and to thoroughly acquaint the 
DSMB with the study protocol and the interim analysis plan.  It also affords the DSMB 
an opportunity to recommend final revisions to the interim analysis plan, the DSMB 
charter, mock tables, and the plan for communication between the DSMB and the 
Executive Operations Committee.  This meeting will take place after the first patient is 
enrolled.

4.2 Closed Sessions of the DSMB 

Only the DSMB members and the trial statistician will attend the DSMB closed sessions. 
The DSMB members will review a report addressing the safety and efficacy issues of the 
trial. These meetings are planned to take place via a scheduled conference call organized 
by the Duke Clinical Research Institute (DCRI).

DSMB makes one of the following duly voted recommendations to the 
Executive Operations Committee chair in writing within 3 days or sooner, 

if warranted. 

Interrupt or 
Stop the Study 

Change the 
Protocol

Executive Operations Committee reviews the DSMB recommendations and 
sends recommendation to Edwards Lifesciences with copy to DSMB 

Edwards Lifesciences notifies operations team, sites, DSMB and FDA of 
decision regarding trial should the study need to be interrupted, stopped or 

modified

Continue
Study
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A quorum (minimum of 3 members) of the DSMB is required for all conference calls. A 
majority of total membership (3 or more members) is required for any proposal, motion, 
or recommendation to be made to the Executive Operations Committee. In case of a tie, 
the DSMB chair’s vote will be used to reach a decision. 

The DSMB members vote on all recommendations which will be submitted to Edwards 
Lifesciences via the Executive Operations Committee chair.    

4.3 Responsibilities of the DSMB 

1. The DSMB will review the draft DSMB charter and data tables and make 
recommendations for change(s). 

2. The DSMB will monitor the safety of the trial and the amount of missing data via 
the report by the Statistics group. 

3. The DSMB assessment will include, at a minimum, a review of study enrollment, 
site compliance with reporting requirements, all study related adverse events (both 
serious and non-serious) and primary endpoints identified in the clinical 
investigational protocol. 

4. The DSMB will make recommendations to the Executive Operations Committee 
chair regarding modification of the protocol, continuation/discontinuation of 
enrollment and/or temporary suspension of enrollment in the trial.  However, all 
final decisions regarding trial modifications rest with the Executive Operations 
Committee and Edwards Lifesciences as specified above. 

5. The DSMB Chair will review the adverse events and protocol deviations on 
approximately a monthly basis to check for any emerging substantial safety trends, 
in which case an emergency meeting of the global DSMB may be called by the 
Chair. These monthly looks at the data are for the purpose of safety review.  
Edwards Lifesciences and DCRI will provide a timeline to the DSMB for study 
monitoring and adjudication of events by the Clinical Events Committee. 

5.0 PROPOSED SCHEDULE OF THE DSMB 

1. The initial scheduled review of data by the full DSMB is expected to take place 
after post-enrollment day 30 CRF data are available for the first 35 patients 
enrolled in the study.  The second scheduled DSMB meeting will be held after the 
first 250 total patients have been enrolled and completion of 30 day follow-up for 
at least 50 patients.  A third DSMB meeting will take place after the enrollment is 
completed for the first 500 patients and/or completion of Cohort B, whichever 
occurs first, using the best available data for all patients enrolled. .  The fourth 
DSMB will take place after 30 day data are completed for the study cohort (1040 
patients).  The fifth and final meeting will occur after the study cohort (1040 
patients) has completed the 12 month aortogram follow-up.   The DSMB chair will 
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receive weekly reports of all procedural and in-hospital deaths, whether device or 
study related, and monthly updates (approx every 4-6 weeks) including an adverse 
events listing, protocol deviations listing, enrollment summary and tables for 
overall primary and secondary endpoints available.  If study enrollment lags in one 
arm or the study design is modified, the DSMB schedule may also be modified to 
accommodate such changes in order to best monitor patient safety.  Any such 
modifications of the DSMB charter during the course of the study will be detailed 
in written communications between the DSMB, the Executive Operations 
Committee and the sponsor, Edwards Lifesciences. 

Table 1.0       Proposed Frequency of Data Review by the DSMB

Timeline  Data Review by Type of Data 
Weekly reporting DSMB Chairperson E-mail message reports of all 

procedural and in-hospital 
deaths and stroke, whether 
device- or study-related 

Weekly reporting  DSMB Chairperson E-mail site narratives of all 
procedural and in-hospital 
deaths and stroke, whether 
device- or study-related. 

Monthly
(approximately every 
4-6 weeks) 

DSMB Chairperson Adverse Events listing, 
Protocol deviations listing, 
Enrollment Summary and 
tables for overall primary and 
secondary endpoints available. 

Enrollment
completed for first 
50 total patients and 
completion of 30 day 
follow-up for at least 
35 patients 

Entire DSMB Data summaries pre-approved 
by the entire DSMB 

Enrollment
completed for first  
250 total patients and 
completion of 30 day 
follow-up for at least 
50 patients 

Entire DSMB Data summaries pre-approved 
by the entire DSMB 

Enrollment
completed for first 
500 patients and/or 
completion of 
Cohort B, whichever 
occurs first, using 
best available data for 
all patients enrolled.

Entire DSMB Data summaries pre-approved 
by the entire DSMB 

Enrollment
completed of either 

Entire DSMB Data summaries pre-approved 
by the entire DSMB 
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Cohort A or B, OR 
completion of total 
enrollment of 1040 if 
Cohort B had 
previously completed 
enrollment. Includes 
completion of 30-day 
follow-up and other 
best available data for 
all 1040 patients 
enrolled.
Enrollment
completed for all 
1040 patients 
enrolled in both trial 
programs and 
completion of 12 
month clinical and 
echocardiogram
follow-up.   

Entire DSMB Data summaries pre-approved 
by the entire DSMB 

2. Additional reviews of the data may be determined by the DSMB chairperson or the 
full DSMB based on unforeseen concerns. If necessary, the DSMB can request 
frequent reports. 

3. The DSMB reports will be developed by the Independent Statistics Consultant, 
and sent by DCRI to the DSMB Chairperson and all DSMB members before 
scheduled calls. In the event a DSMB member will be away from his/her usual 
location, notification of phone numbers and an address where the report can be 
sent is to be shared with DCRI as soon as this information becomes available. This 
will help to facilitate participation on the call and ensure receipt of the DSMB 
report in a timely manner. 

4. The DSMB will review the reports containing predetermined data summaries and    
discuss them during the scheduled conference call.

5. Following each meeting, the chairperson will prepare a letter to the Executive 
Operations Committee regarding the safety and continuation of the trial based on 
the DSMB recommendation. 

6. In the unlikely event, should the DSMB believe that evidence of a concern for 
patient safety, beyond a reasonable doubt, exists such that a specific 
recommendation related to the alteration of the study would be made, the 
Chairperson will notify the Executive Operations Committee chair by phone 
followed by the written letter. 
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7. The minutes of each DSMB meeting will be recorded by a non-voting member of 
the committee, and reviewed and approved by the Chairperson of the DSMB. As 
with other confidential documents, the minutes will not circulate outside the 
committee until the final results are public. 

6.0 ELEMENTS OF THE DSMB REPORT 

       Dichotomous and categorical data will be reported as total numbers and percentages. 
       Continuous data will be reported as medians and quartiles.
       The DSMB tables include: 

1. Number of patients enrolled 
2. Number of patients enrolled with completely missing data in report 
3. Selected demographic/baseline factors to include gender, race and age  
4. Primary endpoint events (adjudicated and unadjudicated) 
5. Secondary endpoint events (adjudicated and unadjudicated)  
6. All adverse events and unanticipated adverse device effects, including narrative 

descriptions.
7. Protocol deviations
8. Compliance with time-based follow-up milestones 

A detailed set of table shells has been developed to provide supplementary details to the 
charter.

The information provided in the summaries prepared by the trial statistician will be the 
best available data available at the time of analysis. The DSMB report will include the 
total number of patients whose data were derived from cleaned CRFs, how many 
endpoints have been adjudicated, and how many are based on site investigator 
determination only. In addition, the DSMB will review the 6 month compliance reports 
which will include the compliance reports in which the amount of missing data will be 
described.

7.0 GUIDELINES FOR STOPPING OR MODIFICATION OF THE TRIAL 

Upon review of the data for the trial, the DSMB will make decisions regarding the 
continuation of the trial. The following DSMB stopping rules will be applied for the 
PARTNER trial: 

The DSMB will review the rate of the combined endpoint of death or stroke at 30 
days.  If the treatment arm is statistically worse than the comparison group for this 
combined endpoint, the DSMB may recommend stopping either, or both, cohorts of 
the study.  For both cohorts the latest available data, including actions taken by the 
Clinical Events Committee, will be included.  Statistical comparison will be by means 
of the log-rank test, considering only data through 30 days. 

1. For cohort A (transfemoral Test, high risk surgery Control) the comparison 
group will be the cohort A control arm in the PARTNER trial,  
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2. For cohort B (transfemoral Test, medical management Control) the 
comparison group will be the latest available data from the transfemoral 
patients in the Revival II study.  

The reason for not using the cohort B control patients in this comparison is 
that the cohort B test patients have been exposed to an invasive implant 
procedure, including anesthesia, while the cohort B control patients have not 
been exposed to this procedure.  Accordingly the cohort B test patients will 
almost surely have higher 30 day event rates than the cohort B control patients.
The Revival II event rates were made known to the FDA as part of the process 
of obtaining approval for the PARTNER trial; updated information will be 
furnished to the DSMB.

3. Because of the potentially large number of data looks by the DSMB, and the 
possibility that early data will be misleading, the DSMB will use alpha = 0.01 in 
judging statistical significance.  Regardless of the choice of alpha, the DSMB 
may express a concern if the observed event rates in either test arm are worse 
than those in the appropriate comparison arm. 

4. The DSMB may recommend stopping either (or both) of the trial cohorts for 
futility if the conditional power falls below 20% at any of the DSMB analysis 
time points.  The DSMB may choose the statistical method for determining 
this conditional power. In analyzing futility the DSMB will not assume a 
constant death hazard over time for arms of cohort A and in the test arm of 
cohort B; rather the DSMB will consider at least two stages for the hazard – 
one for the first 30 days and one for later time points.  

5. There are no stopping rules for efficacy.  In the absence of futility findings or 
safety concerns, the trial will not be stopped for efficacy. 

6. In addition to the stopping rules defined above, the DSMB may recommend 
stopping the study at any time, in the event of other unforeseen or excessive 
adverse effects or other safety concerns. 

If the DSMB recommends discontinuation or modification of the study, the Chair of 
the DSMB will meet with the Executive Operations Committee at the earliest 
opportunity to review the basis for the recommendation. 

8.0 CONFLICT OF INTEREST GUIDELINES 

Members of the DSMB, and their immediate families, will not buy, sell, or hold stock 
in the Sponsor for the following periods:  from the first meeting of the DSMB until 
the last meeting and the study results are made public; or from the DSMB first 
meeting until the member’s active personal involvement in the DSMB ends. 

No members of the DSMB are allowed to take part in the clean-up of the trial 
databases or database release.  No members of the DSMB can have the responsibility 
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of device patients enrolled into the PARTNER trial.  No member of the DSMB can 
take part in the evaluation of patient data in the CEC.  Members will keep reports, 
meeting discussions, minutes, and recommendations of the DSMB confidential for 
the entire study. 

Indemnification section for members of the DSMB. 
Indemnification has been arranged through Edwards Lifesciences with the individual 
members.
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10.0 APPENDIX A 
List of DSMB Voting Members 

DSMB Chairperson
Joseph P. Carrozza, Jr., MD 
Associate Professor of Medicine 
Harvard Medical School 
Chief-Section of Interventional Cardiology 
Director- Intermediate Cardiac Care Unit 
Beth Israel Deaconess Medical Center 
330 Brookline Avenue 
Boston, MA 
jcarrozz@bidmc.harvard.edu

DSMB Members
Blase Anthony Carabello, MD 
Professor of Medicine 
Baylor College of Medicine 
Section of Cardiology 
One Baylor Plaza, Houston, TX 77030 
BlaseAnthony.Carabello@va.gov

Andrew S. Wechsler, M.D.
Chair, Department of Cardiothoracic Surgery  
Drexel University College of Medicine, 245 N. 15th St.,MS 111
Philadelphia, PA  19102-1192
United States
1 215 762-4955
andrew.wechsler@drexelmed.edu  

Kerry Lee, PhD. 
Director, Biostatistics 
Duke University Medical Center 
Duke Clinical Research Institute 
2400 Pratt Street, Durham, NC  27705 
Tel: (919) 668-8725 
Email: kerry.lee@duke.edu 

Eric Peterson, MD, MPH 
Associate Director, DCRI 
Director, CV Outcomes Research & Quality; Codirector, Cardiovascular Research 
Duke University Medical Center 
Duke Clinical Research Institute 
2400 Pratt Street, Durham, NC  27705 
Tel: (919) 668-8947 
Email: Peter016@mc.duke.edu 
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Trial Statistician (Non-Voting Member):
William Anderson, PhD 
Biostatistician 
Consultant
Tel: (949) 587-0691. 
WNilesAnderson@aol.com

11.0 APPENDIX B

General Considerations for the DSMB 

This appendix lists some of the considerations to be taken into account by the DSMB. These 
issues include both the magnitude of the observed differences and their consistency as well 
as the importance of the differences to the health and safety of the patients in the study. It is 
important for these issues to be stated in advance to assure both the patients and the 
investigators, that the DSMB will carefully consider the issues of safety and recommend 
protocol changes if questions of safety arise. 

If important adverse experiences occur between planned meetings, and a substantial trend 
emerges, an emergency meeting of the DSMB will be called by the Chair. It is important to 
recognize that the DSMB will review all relevant data available and may request additional 
data prior to making any suggestions which will alter the study. 

Interpretation for the safety data is very complex and requires both clinical and statistical 
experts reviewing the data. A number of considerations for interpretation of these data can 
be stated and these include:  

a. Whether the results could be explained by possible differences in the baseline 
variables between the groups; 

b. Whether outcomes could be biased because of differences in treatment programs; 
c. Whether the results are consistent for other variables which should be associated 

with the primary outcome variables in question; 
d. Whether the results are consistent among various sub-groups of patients and across 

various centers involved in the study; 
e. Whether the risk which is under consideration is outweighed by assessment of the 

overall benefits of therapy; 
f. Whether results could be due to confounding factors and not due to the device; 
g. Whether it is likely that the current trends could be reversed if the trial were to be 

continued unmodified. 

All of these considerations require expert evaluation and are the major role of the DSMB. 
The DSMB will consider these issues on a regular basis to assure the safety of the patients 
and to assure the investigators, the FDA and the medical community that the risks of this 
study are being evaluated and the patient’s safety is being kept foremost in mind. At the 
point where the DSMB believes that the evidence of a meaningful difference beyond a 
reasonable doubt exists between observed and expected values such that a specific 
recommendation related to alteration of the study would be made, the Executive Operations 
Committee will be notified of the DSMB recommendations for trial modification. 
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Clinical Endpoint Committee Charter 
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1. Introduction 
The PARTNER trial is a prospective, randomized-controlled, multi-center pivotal trial 
evaluating the safety and effectiveness of the Edwards SAPIEN™ Transcatheter Heart 
Valve and delivery systems, via transfemoral and transapical delivery, in a stratified 
population of high risk patients with severe aortic stenosis.   

An initial stratification based on operability for aortic valve replacement surgery (AVR) 
is followed by determination of vascular access for transfemoral delivery.  Those not 
meeting criteria for transfemoral delivery are candidates for transapical delivery.  Patients 
who are considered high surgical risk and eligible for transfemoral access will be 
stratified into Cohort A and randomized to treatment (transfemoral AVR) or control 
(surgical AVR).  Patients who are considered high risk and not eligible for transfemoral 
access will be stratified into Cohort A and randomized to treatment (transapical AVR) or 
control (surgical AVR).  Those patients who are considered non-surgical candidates are 
stratified into Cohort B and randomized to treatment (transfemoral AVR) or control 
(medical management).  Those who are non-operable and assigned to Cohort B but are 
not eligible for transfemoral delivery will not be eligible for randomization into the trial.   

The PARTNER Study will be conducted at up to 30 sites total including up to 5 sites 
outside of the United States.  At least 1040 subjects, including a minimum of 690 patients 
in the high risk surgery cohort (Cohort A) and 350 patients in the best medical therapy 
cohort (Cohort B) will be enrolled. The enrollment in Cohort A may expand to a 
maximum of 750 patients, if needed, to meet separate minima for each approach in cohort 
A and the transfemoral approach for cohort B.  Additionally, there will be 2 roll-in 
patients per delivery approach per new site (excluding sites participating in REVIVAL II 
trial (Edwards study 2005-01-PHV).  These patients will not be included in the total 
enrollment population nor the data analysis. 

All subjects will undergo clinical follow-up at discharge or 7 days, whichever comes 
first, 30 days, 6 months, 12 months, and annually thereafter to a minimum of 5 years post 
procedure.  The analysis close for PMA submission is based on completion of one year 
follow-up for cohort A. For cohort B the analysis close date is the later of the date of one-
year follow-up on all patients and 150 deaths.   

The primary endpoint for Cohort A is freedom from death at one year, and the study is 
designed to demonstrate non-inferiority of the SAPIEN device compared with standard 
AVR.  

The primary endpoint for Cohort B is freedom from death over the duration of the trial, 
and the study is designed to demonstrate superiority of the SAPIEN device compared 
with best medical therapy.  

Secondary endpoints for Cohort A include: functional improvement from baseline; 
freedom from MACCE at 30 days, 6 and 12 months; evidence of prosthetic valve 
dysfunction (hemolysis, infection, thrombosis, severe perivalvular leak, or migration) at 
30 days, 6 and 12 months; length of hospital stay; total hospital days from the index 
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procedure to one year post procedure; Improved Quality of Life from baseline at 30 days, 
6 and 12 months; and greater than 50% improvement in aortic valve area at 30days, 6 and 
12 months.  

Secondary endpoints for Cohort B include: composite of survival, EOA, and QOL; 
functional improvement from baseline; freedom from MACCE at 30 days, 6 and 12 
months; total hospital days from the index procedure or randomization into control arm 
for medical management patients to one year post procedure or randomization; improved 
Quality of Life from baseline at 30 days, 6 and 12 months; and greater than 50% 
improvement in aortic valve area at 30days, 6 and 12 months.  
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2. Role of the DCRI CEC 
The Clinical Events Classification (CEC) group systematically identifies, adjudicates, 
and classifies suspected safety and efficacy endpoint events while blinded to treatment 
assignment. The CEC group develops trial specific processes for the identification of 
suspected endpoint events, the collection of required clinical data, and the adjudication of 
the suspected endpoint events using pre-specified criteria. 

The following suspected clinical events occurring post enrollment will be adjudicated by 
the CEC for each patient using pre-specified criteria in a two step adjudication process: 
blinded and then unblinded to determine causation (see Section 4). 

1) Death 
a) Cardiac and sub-classifications 

b) Non-Cardiac and sub-classifications 

c) Unknown 

2) Myocardial Infarctions 
a) Clinical Periprocedure and sub-classifications 

b) Clinical Non-procedural and sub-classifications 

3) CNS Events 
a) TIA 

b) Stroke and sub-classifications 

4) Aortic Valve Re-Intervention 
5) Vascular Complications and sub-classifications 
6) Hemorrhagic Events and sub-classifications 
7) Embolic Events 
8) Bradyarrhythmic Events 
9) Renal Failure Events 
10) Arterial Vascular Procedures 
11) Sternal Wound Infections 
12) Rehospitalization for Symptoms of Aortic Stenosis 
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3. CEC Committee Organization 

3.1. Selection of CEC Members  
The CEC will consist of physicians selected mostly from Duke University and the Duke 
Clinical Research Institute (DCRI).  Physicians from outside of Duke and North America 
may also be selected.  No sponsor representatives will serve on the CEC.  The CEC 
physicians provide clinical expertise in the development of the CEC processes including 
the development of event criteria, eCRF, CEC adjudication and reporting forms, as well 
as in the adjudication of suspected events.  

The DCRI CEC Clinical Faculty Leader, Dr. John Petersen, is responsible for the initial 
selection of the CEC members.  The sponsor will approve the final membership of the 
CEC and any changes to the membership during the duration of the PARTNER study.   

A CEC member cannot be directly involved in the care of PARTNER clinical study 
participants.  Membership is for the duration of the PARTNER study unless the member 
is deemed by the CEC, Edwards, or their designee as being unable to fulfill his/her 
responsibilities.  These responsibilities include, but are not limited to, adherence to the 
event adjudication timeline, and accurate and consistent application of the event criteria. 
 

3.2. Qualifications of the CEC Members 
Both cardiologist and neurologist CEC members will have clinical and research 
experience and expertise. Documentation of the required qualifications is maintained at 
the DCRI in the form of current curriculum vitae for the selected CEC members.  

3.3. CEC Members 
The CEC process involves the following personnel: Clinical Faculty Leader, Clinical 
Coordinators, Physicians, Clinical Data Assistants and Clerical Support 

Clinical Faculty Leader, John L. Petersen, MD 

The CEC Clinical Faculty oversees the CEC process for a specific trial and provides 
physician level support to the Clinical Coordinator during the trial.  Along with the 
clinical coordinator, the CEC Clinical Faculty is the primary contact for the trial 
coordinating team, the regional coordinating centers, and other functional groups within 
the DCRI working on a specific trial. 

CEC Clinical Trials Coordinator, Lauren Price, RCIS 

The clinical coordinator is responsible for the overall conduct of the CEC process for a 
given trial.  Responsibilities include assisting with the development of trial-specific CEC 
documents and forms, distribution of cases with suspected events, and reconciliation of 
cases adjudicated by physicians.  The clinical coordinator is the key contact person for 
the trial coordinating team, regional coordinating centers, and other functional groups 
within DCRI. 
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Physicians 

The composition of physician reviewers for PARTNER will be composed of cardiology, 
cardiac surgery, vascular interventional, and neurology faculty members. Physicians are 
also available for clinical support for the CEC clinical coordinator during the trial.  
Physician reviewers receive training regarding the CEC process and the trial-specific 
endpoints and definitions. 

Clinical Data Assistants 

The clinical data assistants are responsible for the coordination of the chart review 
process.  The assistants assemble cases for review and track the status of the review 
process. 

Clerical Support Team 

The clerical support team performs the daily processing of documents.  Responsibilities 
include copying and distributing files to the clinical trial assistants when needed. 

 

The CEC members are responsible for the following: 

3.3.1 Adjudicate and classify the following events in a blinded manner in the 
PARTNER study:

� Death 

� Myocardial infarction 

� CNS Events 

� Aortic Valve Re-Intervention 

� Hemorrhagic Events 

� Vascular Complications  

� Embolic Events 

� Bradyarrhythmic Events 

� Renal Failure Events 

� Arterial Vascular Procedures 

� Sternal Wound Infections 

� Rehospitalization for Symptoms of Aortic Stenosis 
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3.3.2 To participate in discussions related to event criteria and the application of the 
criteria, CEC conference calls and meetings 

3.3.3 CEC members will communicate schedule conflicts, including extended time 
away from office, to the CEC Coordinator and chairperson 

3.4. DCRI CEC Faculty Leader 
The specific responsibilities of the CEC Faculty Leader include:  

� To preside over CEC adjudication conference calls and meetings or delegate to an 
appropriate designee from the CEC 

� To finalize and communicate endpoint criteria and any revisions that may be 
necessary during the course of the study 

� To ensure, via on going QC reviews of adjudicated events and feedback received 
from the CEC Coordinator, that the adjudication process is being conducted 
according to the CEC Charter, and that event criteria are being accurately applied 
to independent and full committee event adjudications

� To participate in the adjudication process 

� To participate in the resolution of any adjudication disagreement 
 

3.5. DCRI CEC Coordinator  
The DCRI CEC Coordinator is responsible for the overall conduct of the CEC for 
PARTNER.  Specific responsibilities include but are not limited to: 

� Collaborate in the development of CEC processes, including the event criteria, 
and associated documents with the CEC Chairman, committee members and 
sponsor 

� In collaboration with the sponsor, design eCRF to include and facilitate the 
collection of ancillary data required for event adjudication 

� In collaboration with the sponsor, provide the sites with the necessary tools and 
training to provide the CEC with complete data required for event adjudication 

� Facilitate the finalization and sign-off of the CEC Charter and associated 
documents 

� Train and oversee the day-to-day work of the PARTNER CEC team members 

� Organize, facilitate and participate in the CEC meetings 

� Manage the workflow and insure timelines are met 
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� Facilitate the collection of additional source documents and any additional data 
requested from the committee by contacting the appropriate Edwards employee

� Review of all endpoint specific source documents and eCRF data to ensure that 
data required by the CEC physicians is complete 

 

3.6. Sponsor 
The roles and responsibilities in support of the CEC include: 

� Collaborate with the DCRI in designing eCRF to include and facilitate the 
collection of ancillary data required for event adjudication 

� Collaborate with the DCRI to develop the data specifications for programming the 
patient data listings, CEC adjudication forms, and CEC reports that will be 
available and printable via electronic data capture platform  

� Program and maintain patient data listings, CEC adjudication forms, and CEC 
reports that are required for the CEC to manage the CEC effort 

� Collaborate with DCRI to identify and develop specifications for event triggers  

� Program event “triggers” (see Section 4.2 for a detailed definition of “event 
trigger”) 

� In collaboration with the CEC, provide the sites with the necessary tools and 
training to provide the CEC with complete data required for event adjudication 

� Prepare and submit completed event packages to the CEC Coordinator 

� Provide the CEC coordinator with  a point of contact that will assist in the 
resolution of outstanding CEC eCRF and/or source document queries 
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4. Operations 

4.1. CEC Meetings 
The DCRI CEC will determine the need and timing of meetings of the CEC.  The CEC 
will have an initial face-to-face training meeting. In addition, the members of the CEC 
will have face-to-face meetings and/or conference calls to adjudicate events where there 
was a disagreement, to QC events, and adjudicate difficult events. During these meetings, 
the CEC will assess and refine processes and definitions as necessary and provide 
clarifications of issues/answers that arise during the adjudication process.  

4.2. Identification of Suspected Events
All suspected endpoint events will be identified by the trigger program.  All source 
documentation will be forwarded to the CEC at DCRI for adjudication.  In order to 
maintain an accurate and efficient adjudication process, query resolution should be 
complete on all patient data before a suspected event is sent for adjudication. Suspected 
clinical events will be reported on the PARTNER eCRF by the site investigator. 

The sponsor will be responsible for assuring that prior to completion of the trial all 
patients have been screened for possible events through the entire duration of study 
follow-up. 

4.3. Collection of Data 
CEC Dossier Preparation 

All patients having a suspected event will be triggered for review by the CEC. Supporting 
source documents will be provided to the DCRI CEC Coordinator for filing in the 
patients CEC dossiers. Documents will be reviewed for text that may lead to unblinding 
of the treatment assignment and these sections will be removed if unnecessary or blacked 
out with a China Black Ink marker. Once all appropriate documents are assembled for an 
event, the dossier will be sent to the CEC Committee for review and formal adjudication. 
The CEC Coordinator may withhold an event from adjudication if documents from an 
associated event are not available so that all events from a single incident can be 
adjudicated together. The CEC dossier for adjudication will include a paper copy of the 
relevant pages on the eCRF, all appropriate source documents, all appropriate core 
laboratory reports, and CEC adjudication forms.  

The sponsor will provide the following necessary records to the CEC for event 
adjudication. 

1. eCRF data  (Medidata� system) 
2. Supporting source documentation from the patient’s medical record (see

Section 7) 
3. Echocardiography Reports from the Echo Core Lab 
4. ECG final read from ECG Core Lab.  
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The source documents required to adjudicate suspected events vary with the endpoints to 
be adjudicated (see Section 7).  Case Report Form data will be query resolved before 
being sent to the CEC.  All narrative reports (i.e. discharge summaries, operative reports, 
etc.) will be blinded for patient identifiers and translated into English prior to being 
posted on the Medidata� system.  If it is determined by the CEC that additional source 
documents are necessary for event adjudication, they will be requested through the 
sponsor. 

Electronic Case Report Form (eCRF) data and all supporting source documents used for 
review will be blinded to treatment assignment. Edwards will ensure that all data is 
blinded before being posted on the Medidata� system and the review process begins. 

4.4. CEC Adjudication 
CEC Structure 

All events will be reviewed independently by a Core CEC consisting of 3 physicians.
During the blinded review, the Core CEC will review the CEC Dossier and apply the 
definitions as specified in the study protocol to determine if an event occurred. This will 
occur with blinded source documents and without the echocardiographic imaging so that 
the reviewers will be blinded to treatment assignment.  

Events that require specialty expertise, specifically strokes and vascular events, will be 
reviewed initially by the specialty reviewer. This adjudication will be subsequently 
reviewed by the blinded Core CEC. If there is agreement between the Core CEC and the 
specialty reviewer, the event will be considered resolved. If there is disagreement, the 
event will be tabled until the specialty reviewer can attend a CEC meeting and the event 
can be resolved.   

During the next phase of the Core CEC review, all events that have adjudicated positively 
by the blinded review will be adjudicated for relationship to the investigational device in 
an unblinded manner. During this review, all imaging and source documents will be 
made available to the committee. Specifically, echocardiographic images will be 
reviewed for all patients in whom causation is to be assessed.  

A flowchart of the overall CEC process is shown in Section 8. 
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  5. Event Definitions 

5.1. Death 
The CEC will assess all deaths for device and procedural relationship.  Further, the CEC 
will consider all clinically relevant information to classify all deaths as: 

1) Cardiovascular: Deaths resulting from a cardiac cause. This category includes valve-
related deaths, (including sudden unexplained deaths) and non-valve related cardiac 
deaths (e.g., congestive heart failure, acute myocardial infarction, documented fatal 
arrhythmias) in which a cardiac cause cannot be excluded. All cardiovascular deaths 
will be sub-classified into the following categories: 
a) Sudden, unexpected and unexplained death: The cause of these deaths is 

unknown and the relationship to an operated valve is also unknown. Therefore, 
these deaths should be reported as a separate category of valve related mortality if 
the cause cannot be determined by clinical data or autopsy.  

b) CHF: documented myocardial failure or overt symptoms of CHF at time of death 
in absence of MI or other precipitating cause of CHF syndrome. 

c) MI: meets study definition of MI (see MI definition below) 
d) Arrhythmia: documented arrhythmia occurring in absence of MI or CHF as 

primary cause of death 
e) Endocarditis of Prosthetic Study Valve: meeting Duke Endocarditis Criteria as 

Definite or Possible 
i) Definite Endocarditis 

(1) Pathologic criteria 
(a) Microorganisms: demonstrated by culture or histology in a 

vegetation, or in a vegetation that has embolized, or in an intracardiac 
abscess, or

(b) Pathologic lesions: vegetation or intracardiac abscess present, 
confirmed by histology showing active endocarditis

(2) Clinical criteria: 2 major criteria, or 1 major and 3 minor criteria, or5 
minor criteria
(a) Major Criteria 

(i) Positive blood culture for infective endocarditis
1. Typical microorganism for infective endocarditis from two 

separate blood cultures
a. Viridans streptococci, Streptococcus bovis, HACEK group, 

or Community-acquired Staphyloccus aureus or 
enterococci, in the absence of a primary focus, or

2. Persistently positive blood culture, defined as recovery of a 
microorganism consistent with infective endocarditis from:
a. Blood cultures drawn more than 12 hours apart, or
b. All of three or a majority of four of more separate blood 

cultures, with first and last drawn at least 1 hour apart
(ii) Evidence of endocardial involvement
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1. Positive echocardiogram for infective endocarditis
a. Oscillating intracardiac mass, on valve or supporting 

structures, or in the path of regurgitant jets, or on implanted 
material, in the absence of an alternative anatomic 
explantation, or

b. Abscess, or
c. New partial dehiscence of prosthetic valve, or

2. New valvular regurgitation (increase or change in pre-existing 
murmur not sufficient)

(b) Minor Criteria 
(i) Predisposition: predisposing heart condition or intravenous drug 

use
(ii) Fever � 38.0°C (100.4°F)
(iii)Vascular phenomena: major arterial emboli, septic pulmonary 

infarcts, mycotic aneurysm, intracranial hemorrhage, conjunctival 
hemorrhages, Janeway lesions

(iv)Immunologic phenomena: glomerulonephritis, Osler’s nodes, Roth 
spots, rheumatoid factor

(v) Microbiologic evidence: positive blood culture but not meeting 
major criterion as noted previously or serologic evidence of active 
infection with organism consistent with infective endocarditis

(vi)Echocardiogram: consistent with infective endocarditis but not 
meeting major criterion as noted previously

ii) Possible Infective Endocarditis: Findings consistent with infective 
endocarditis that fall short of “Definite,” but not “rejected.”

iii) Rejected
(1) Firm alternate diagnosis for manifestations of endocarditis, or 
(2) Resolution of manifestations of endocarditis, with antibiotic therapy for 4 

days or less, or
(3) No pathologic evidence of infective endocarditis at surgery or autopsy, 

after antibiotic therapy for 4 days or less
f) CNS Event: meets study definition of CNS Event (see CNS Event definition 

below).  Further classified as:  
i) stroke  
ii) TIA 

g) Non-Cerebral Hemorrhage: meets study definition of major hemorrhage.  
Further classified as: 
i) surgical site 
ii) non-surgical site 
iii) catheter access site 

h) Peripheral Arterial Embolism: meets study definition of peripheral arterial 
embolism (not cerebral or pulmonary embolism) 

i) Vascular Complication, further classified as: 
i) aortic dissection  

K - 13

217



Version 3.1_22 May 2008 

Based on Protocol 2.0 

 

14

ii) aortic perforation 
iii) non-aortic artery dissection 
iv) non-aortic perforation 
v) cardiac perforation 

j) Peripheral Arterial Disease: death due to acute peripheral ischemia or sequellae 
of therapy for peripheral arterial disease

k) Other (examples include: perforated/damaged aortic valve, pericardial tamponade 
not related to perforation, non-prosthetic endocarditis, pulmonary embolus) 

2) Non-cardiovascular death:  Defined as a death not due to cardiac causes (as defined 
above).  All non-cardiac deaths will be sub-classified into the following categories 
a) Malignancy
b) Accidental (e.g. trauma, suicide, overdose) 
c) Infection/ Sepsis 
d) Renal Disease 
e) Other (e.g. hepatic failure, diabetes, COPD) 

3) Unknown

Unblinded Review of Deaths: All events, including deaths will be reviewed once as a 
blinded review and then as an unblinded review.  During the unblinded review, deaths 
will be evaluated to determine if the event was related to the valve and/or procedure.  
Following are the definitions for these two categories:

a) Valve related death: Death caused by structural valve deterioration, 
nonstructural dysfunction, valve thrombosis, embolism, bleeding event, operated 
valvular endocarditis, or death related to reoperation of an operated valve. 
Sudden, unexplained unexpected deaths of patients with an operated valve are 
included as valve-related mortality. Death caused by heart failure in patients with 
advanced myocardial disease and satisfactorily function cardiac valves are not 
included. Specific cause of valve-related death should be designated and reported.

b) Procedure related death: Deaths directly related to the procedure or 
complications thereof or any death occurring � 30 days of the producer will be 
classified as procedure related. 

5.2. Myocardial Infarction 
The CEC will assess all myocardial infarctions adjudicated positively for device and 
procedural relationship.  Any of the following criteria will meet the definition of MI: 

1) Any Acute MI demonstrated by autopsy 

2) Any emergent PCI performed for acute ST-elevation myocardial infarction 

3) Any administration of thrombolytics for acute myocardial infarction 

4) Clinical Periprocedural MI: Occurs through 7 days post index procedure. 

a) Periprocedural Q-wave MI: Development of new pathologic Q waves in 2 or 
more contiguous leads with elevation of CK-MB or CK in absence of CK-MB 
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data.  New Q waves in the absence of symptoms or elevated markers will NOT be 
considered an MI. 

b) Periprocedural Non-Q-wave MI: Documented signs or symptoms of ischemia 
and/or new ischemic changes on ECG AND CK-MB elevation > 10 X ULN.  In 
the absence of CK-MB data, CK should be used. 

c) Points of clarification 

i) In the absence of CK-MB data, CK can be used with the same > 10 X ULN 
criteria. If both markers are available, CK-MB will be used. 

ii) Troponin values will not be considered in the adjudication of Periprocedural 
MIs. 

iii) New ischemic ECG changes will include ST segment deviations and T wave 
inversions thought to be ischemic by the ECG core lab. Changes thought to 
represent post-operative pericarditis will not qualify as ischemic changes. 

iv) Timing of MI will be based on date and time of onset of symptoms. If 
symptoms cannot be used, order will then be 1) ECG changes, then 2) first 
enzyme elevation above ULN (assuming there is a set consistent with the > 10 
criteria). 

5) Clinical Non-procedural MI 

a) Q-wave MI: Development of new pathologic Q waves in 2 or more contiguous 
leads with elevation of CK, CK-MB or Troponin in clinical setting with signs or 
symptoms of myocardial ischemia. 

b) Non-Q-wave MI: Elevation of CK > 2 times ULN with elevation of CK-MB or 
Troponin in clinical setting with signs or symptoms of myocardial ischemia. 

5.3. CNS Events 
The CEC will assess all strokes and TIAs adjudicated positively for device and 
procedural relationship.   

1) Stroke 
a) Focal neurologic deficit lasting � 24 hours OR  
b) Focal neurologic deficit lasting < 24 hours with imaging findings of acute 

infarction or hemorrhage.  Further classified as: 
i) Ischemic 
ii) Hemorrhagic (epidural, subdural, subarachnoid) 
iii) Ischemic with Hemorrhagic Conversion 

2) TIA: Focal neurologic event that is fully reversible in < 24 hours in the absence of 
any new imaging findings of infarction or other primary medical cause 
(hypoglycemia, hypoxia, etc). 
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5.4. Aortic Valve Re-Intervention 
The CEC will assess all aortic valve re-interventions adjudicated positively for device 
and procedural relationship.   

Aortic Valve Re-intervention is defined as any operation that repairs, alters or replaces a 
previously operated valve.  Events will be classified as: 
1) Aortic balloon valvuloplasty 
2) Open aortic valve replacement 
3) Open revision of existing aortic valve without replacement 
4) Implantation of percutaneous aortic valve 
5) Other 

5.5. Hemorrhagic Events 
The CEC will assess all hemorrhagic events adjudicated positively for device and 
procedural relationship.   

Hemorrhagic Events will be classified as: 

1) Major Bleed: Clear source documentation of a site of bleeding and meets any one of 
the following criteria: 

a) Bleeding event that causes death. 

b) Bleeding event that causes a hospitalization or prolongs hospitalization � 24 hours 
due to treatment of bleeding. 

c) Requires pericardiocentesis or open and/or endovascular procedure for repair or 
hemostasis.  Thrombin injection or US compression of pseudoanuerysm and nasal 
packing for epistaxsis are not included as a major bleed.  However, return to OR 
for bleeding after AVR does qualify as a major bleed. 

d) Causes permanent disability (e.g. blindness, paralysis, hearing loss). 

e) Requires transfusion of > 3 units of blood within 24 hour period.  Note: Three and 
partial transfusion of fourth unit qualifies as a major bleed. 

2) Minor Bleed: Must meet all of the following criteria: 

a) Event does not meet criteria for major bleed. 

b) Clear source documentation of a site for bleeding 

c) Loss of Hemoglobin > 3 g/dL or loss of Hematocrit > 9%.  Adjustment for 
transfusions will be included at 1 g/dL or 3% for each unit of blood.   

i) Note: Intraocular hemorrhage or spinal cord hemorrhage that does not lead to 
permanent disability and does not require a surgical procedure (laser 
photocoagulation is not considered a surgical procedure) are included. 
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5.6. Vascular Complications 
The CEC will assess all vascular complications adjudicated positively for device and 
procedural relationship.  Vascular Complications will be classified as: 

1) Access site Hematoma: size >5 cm in dimension 
2) Access Site False (Pseudo) Aneurysm: based on documented imaging findings 
3) Arterio-Venous Fistula: based on documented imaging findings 
4) Retroperitonal bleeding: defined by at least two of the following 

a) Clinical signs or symptoms 
b) Imaging confirming retroperitonal bleeding 
c) Laboratory evidence of blood loss 

5) Peripheral nerve injury: based on documented findings 
6) Vascular Perforation 

a) Defined by at least one of the following 
i) Radiographic or sonographic evidence of vascular extravasation 
ii) Surgical confirmation of peripheral vascular perforation 

b) Classified into the following locations 
i) Ascending Aorta 
ii) Aortic Arch (includes carotids) 
iii) Descending Aorta 
iv) Abdominal Aorta 
v) Iliac (R, L or both) 
vi) Femoral (R, L or both) 
vii)Other 

7) Vascular Dissection  
a) Defined by at least one of the following 

i) Radiographic or sonographic evidence of vascular extravasation 
ii) Surgical confirmation of peripheral vascular dissection  

b) Classified into the following locations 
i) Ascending Aorta 
ii) Aortic Arch (includes carotids) 
iii) Descending Aorta 
iv) Abdominal Aorta 
v) Iliac (R, L or both) 
vi) Femoral (R, L or both) 
vii)Other 

8) Gastro-Intestinal Ischemia: Clinical findings of intestinal ischemia, including physical 
signs and symptoms, lactic acidosis or presumed lactic acidosis, radiographic 
imaging, intra-operative findings. 

5.7. Embolic Events 
The CEC will assess all embolic events adjudicated positively for device and procedural 
relationship.  Embolic Events are defined as radiographic or clinical evidence of an 
embolic event. Location of the embolic event will be classified as: 
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1) Cerebral 
2) Cardiovascular 
3) Upper extremity 
4) Lower extremity 
5) Renal 
6) Mesenteric 
7) Splenic 
8) Hepatic 
9) Ocular/retinal 
10) Other 

 
Also, the interventional procedure required will be classified as:  
1) Thrombectomy 
2) Revascularization 
3) Surgical resection or amputation 
4) Other 

5.8. Bradyarrhythmic Events 
The CEC will assess all bradyarrhthmic events adjudicated positively for device and 
procedural relationship.  Bradyarrhthmic Events are defined as implantation of a 
permanent pacing device for bradyarrhythmia.  The date of event will be based on the 
date of device implantation. 

5.9. Renal Failure Events 
The CEC will assess all renal failure events adjudicated positively for device and 
procedural relationship.  Renal Failure Events are defined as chronic dialysis of any sort 
(hemodialysis, CVVHD, peritoneal) for a duration of greater than 30 days.  The date of 
event will be based on the date of the first treatment with renal replacement therapy.  
Patients who die before 30 days will not be considered as renal failure events. 

5.10. Arterial Vascular Procedures 
The CEC will assess all arterial vascular procedures adjudicated positively for device and 
procedural relationship.  Arterial Vascular Procedures will be classified by: 

1) Type of procedure 
a) Surgical 
b) Endovascular 
c) Other 

2) Reason for procedure 
3) Location 

a) Ascending Aorta 
b) Aortic Arch (includes carotids) 
c) Descending Aorta 
d) Abdominal Aorta 
e) Iliac (R, L or both) 
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f) Femoral (R, L or both) 
g) Other 

4) Was the procedure planned prior to randomization (must be documented in source 
documentation)? 

5.11. Sternal Wound Infection Events 
The CEC will assess all sternal wound infections adjudicated positively for device and 
procedural relationship.  Deep sternal infection involves muscle, bone, and/or 
mediastinum (we will need to clarify that infection that is contiguous with the sternum on 
imaging will constitute involvement of the sternum).  

Must have one of the following conditions: 

1) Wound opened with excision of tissue (I&D) 

2) Positive Culture 

3) Treatment with antibiotics 

5.12. Rehospitalization for Symptoms of Aortic Stenosis 
The CEC will assess all rehospitalizations for symptoms of aortic stenosis adjudicated 
positively for device and procedural relationship.  Rehospitalizations for symptoms of 
aortic stenosis is defined as: hospitalization for symptoms of heart failure, angina or 
syncope due to aortic valve disease requiring aortic valve intervention or intensified 
medical management. 

Rehospitalization for CHF is defined as: hospitalization AND clinical symptoms of CHF 
with objective signs including pulmonary edema, hypoperfusion or documented volume 
overload AND administration of IV diuresis or inotropic therapy, performance of aortic 
valvuloplasty, institution of mechanical support (IABP or ventilation for pulmonary 
edema) or hemodialysis for volume overload.  Administration of IV therapies in clinic or 
in the Emergency Department without admission will not qualify and hospitalization 
events. 

Rehospitalization for angina not related to CAD is defined as: hospitalization AND clear 
documentation of anginal symptoms AND no clinical evidence that angina is related to 
CAD or ACS. 

Rehospitalization for syncope is defined as: hospitalization AND documented loss of 
consciousness not related to seizure or tachyarrhythmia. 

K - 19

223



Version 3.1_22 May 2008 

Based on Protocol 2.0 

 

20

6. Documentation 
The following guidelines should be followed for retention of clinical endpoint committee 
documents: 

� Originals of source documents should be archived at the investigative 
site. 

� At the end of the study, CEC adjudication forms and supporting 
documents will be sent to sponsor for archiving.  Relevant documents 
pertaining to events will be collated by subject number and kept in a 
confidential archive forwarded to sponsor.   

� An exact copy of each dossier submitted to the CEC, as well as any 
data collected in response to CEC requests for additional 
documentation, will be maintained on file by the sponsor. 

� Original, final CEC adjudication forms and resolved adjudication form 
queries will be maintained by the sponsor. 
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7. Required Data for CEC Review 

Suspected Event Source Document to Submit 

Death Death Summary 
Autopsy Report (if applicable) 
Narrative summary if death outside of hospital setting 

Myocardial
Infarction

All ECGs (baseline, event, post-event) 
All cardiac enzyme reports (CK, CK-MB, Troponin); (Including ULN’s) 
Discharge Summary / Narrative Summary of Hospitalization 
Angiography Report from Angiographic Core Lab 
Functional ischemia study reports 
Autopsy Report (if applicable)

Central Nervous 
System Event 

CNS Imaging Study reports (CT, MRI, Angiograms, Ultrasounds) 
Neurology Consult Note (if applicable)  
Discharge summary with operative report (if applicable) 
All pertinent interventional/cath lab reports, surgical reports 
Any source documentation of duration of symptoms (Nursing notes, Progress 
notes, consult notes) 

Aortic Valve Re-
Intervention 

Discharge Summary / Narrative Summary of Hospitalization 
Echo Report from Echo Core Lab (if applicable) 
Operative Report (if applicable) 
Cath Lab Report (if applicable) 

Hemorrhagic
Events

All pertinent labs (H&H) 
Discharge Summary / Narrative Summary of Hospitalization 
Transfusion History – Documentation of each unit transfused 
Imaging Study results – CT scans, Ultrasounds 
Diagnostic Test Results – Endoscopies, Colonoscopies, Cystoscopies, etc. 
Surgical Procedures 
Documentation of hemodynamic instability – Nursing notes, Progress notes 

Vascular
Complications and 
Procedures 

Discharge summary with operative report (if applicable) 
Diagnostic Test Results – Including Imaging Study results 
Operative Report (if applicable)

Embolic Events Discharge summary with operative report (if applicable) 
Diagnostic Test Results – Including Imaging Study results 
Operative Report (if applicable) 

Bradyarrhythmic
Events

All ECGs (baseline, event, post-event) 
Pacemaker/ICD implantation note 
Discharge Summary / Narrative Summary of Hospitalization

Renal Failure 
Events

Renal labs (Cr, BUN) 
Renal Consult Notes 
Dialysis Procedure Notes with Dates of Dialysis 
Discharge Summary / Narrative Summary of Hospitalization
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Sternal Wound 
Infections

All pertinent labs – Including Blood cultures, Wound cultures, and White 
blood cell counts 
Diagnostic Test Results – Including Imaging study results: CT scans, MRIs 
Infectious Disease, Plastic Surgery Consultation notes (if applicable) 
Procedure/Operative Report (if applicable) 
Discharge Summary / Narrative Summary of Hospitalization 

Valve Related 
Rehospitalization

Discharge Summary / Narrative Summary of Hospitalization 
Admission Notes, ER notes 
Medical Administration Records for inotropes or diuretic use (including 
route and dosage)  Note: If documents elsewhere (notes, etc), MARS are not 
needed. 
Diagnostic Test Results – Including Chest X Ray results 
ECGs  
All pertinent labs 
Cath report (if applicable) 
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8. CEC Process Flow 

 

K - 23

227



The PARTNER-US IDE Trial Edwards Lifesciences 
with Continued Access and Post-Approval Study 

 

Version 5.0 November 2011 CONFIDENTIAL Page L 
 

Appendix L: The PARTNER Trial Frailty Index

228



The PARTNER-US IDE Trial Edwards Lifesciences 
with Continued Access and Post-Approval Study 

 

Version 5.0 November 2011 CONFIDENTIAL Page L-1 
 

 
The Frailty Index Assessment 

 
 
 
The Frailty Index Data Collection Form will be used as an assessment tool to determine 
if frailty is a high risk factor for subjects prior to enrollment. This assessment will be 
performed after the Screening Informed Consent has been obtained and prior to 
procedure. The assessment can be administered by either an investigator or research 
coordinator. The Frailty Index will not be used in any analysis at this time. 
 
Subjects will first be given a series of questions related to their ability to perform 
activities of daily living and scored accordingly on their responses [68]. The second 
portion of the assessments involves a series of three hand grips which are averaged. 
Subjects will then be given a score for frailty based on their average score. Finally, 
subjects will be asked to walk fifteen feet if able. Depending on how long it takes the 
subject to walk fifteen feet, a score may be given for frailty [67]. 
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FRAILTY INDEX DATA COLLECTION FORM 

1.  Date Completed: ___/___/____                  (mm/dd/yyyy) 
 
2.  Was Frailty Index Obtained?:  Yes  No  
(If YES complete all fields, if NO do not proceed further) 
 
3.  Height __ __ __.__(cm/in)    4.  Weight __ __ __.__(kg/lb) 5.  BMI ____ 
 
6.  Assessment was performed:  Inpatient  Outpatient  
       
7.  Number of days in hospital at time of examination _____  NA 

8.  Serum Albumin: ___._g/dL 9.  Date obtained: ___/___/___ 10.  Time: _:_  (24 Hr)                              
________________________________________(mm/dd/yyyy)_______ 
 
11.  Katz Activities of Daily Living 
ACTIVITIES 
POINTS (1 OR 0) 

INDEPENDENCE: 
(1 POINT) 

NO supervision, direction or personal 
assistance 

DEPENDENCE: 
(0 POINTS) 
WITH supervision, direction, 
personal assistance or total care  

 
BATHING 
POINTS:___________ 
 

(1 POINT) Bathes self completely or 
needs help in bathing only a single 
part of the body such as the back, 
genital area or disabled extremity. 

(0 POINTS) Needs help with 
bathing more than one part of the 
body, getting in or out of the tub or 
shower. 
Requires total bathing. 

 
DRESSING 
POINTS:___________ 
 

(1 POINT) Gets clothes from closets 
and drawers and puts on clothes and 
outer garments complete with 
fasteners. May have help tying 
shoes. 
 

(0 POINTS) Needs help with 
dressing self or needs to be 
completely dressed. 

 
TOILETING 
POINTS:___________ 
 

(1 POINT) Goes to toilet, gets on 
and off, arranges clothes, cleans 
genital area without help. 
 

(0 POINTS) Needs help transferring 
to the toilet, cleaning self or uses 
bedpan or commode. 

 
TRANSFERRING 
POINTS:___________ 
 

(1 POINT) Moves in and out of bed 
or chair unassisted. Mechanical 
transferring aides are acceptable. 
 

(0 POINTS) Needs help in moving 
from bed to chair or requires a 
complete transfer.  

 
CONTINENCE 
POINTS:___________ 
 

(1 POINT) Exercises complete self 
control over urination and defecation.
 

(0 POINTS) Is partially or totally 
incontinent of bowel or bladder. 

 
FEEDING 
POINTS:___________ 
 

(1 POINT) Gets food from plate into 
mouth without help. Preparation of 
food may be done by another 
person. 
 

(0 POINTS) Needs partial or total 
help with feeding or requires 
parenteral feeding.   

 
TOTAL POINTS = ______ 
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12.  Grip Strength  
Note to the Examiner:  Elbow should be at a 90 degree angle,              ____________ 
Grasp 1 
with arm not resting on table or “pinned” against chest wall.                  ____________ 
Grasp 2  
All trials should be completed with the dynamometer in the                   ____________ 
Grasp 3 
dominant hand.   

                    _____________ 
Average 

 
Men                                               Cutoff for grip strength (Kg) criterion for frailty 
 
BMI < 24                                          < 29 
BMI 24.1-26                                     < 30 
BMI 26.1-28                                     < 30 
BMI > 28                                          < 32 
 
Women                                          Cutoff for grip strength (Kg) criterion for frailty 
 
BMI < 23                                          < 17 
BMI 23.1-26                                     < 17.3 
BMI 26.1-29                                     < 18 
BMI > 29                                          < 21 
 
(Appendix, Fried et al)
______________________________________________________________________
13.  15-Foot Walk                                                                      __________ Seconds 
 
Men                                               Cutoff Time to walk 15 feet criterion for frailty 
 
Height < 173 cm                             > 7 seconds 
Height > 173 cm                             > 6 seconds       
 
Women 
 
Height < 159 cm                             > 7 seconds 
Height > 159 cm                             > 6 seconds       
(Appendix, Fried et al) 
 
 
 
 

Date Completed: ___/___/___
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Appendix M: Case Report Forms 

Note to Reviewer: Appendix M is on file at Edwards Lifesciences and will be
made available for review upon written request.
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